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OSCILLOSCOPE 
TYPE WM. 5 


This all purpose wide range measuring 
oscilloscope is a typical example 

of E.M.I. Test equipment for use inLaboratories, 
Development establishments and Testing 
departments concerned with 

electronic engineering, 
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Why Ediswan Glix P.T.F.E. 
Valveholders are widely used 
in B.B.C. Television equipment 


Large quantities of Ediswan Clix P.T.F.E. Valve- 
holders are used in B.B.C. Television equipment. 
Only the combination of the finest insulation— 
P.T.F.E., the most efficient contact material — 
Berylium copper — and Ediswan Clix design and 
manufacture can match the requirements of 
efficiency and reliability in this and all other 


stringent valveholder applications. 

Ediswan Clix P.T.F.E. Valveholders are fully 
type approved for Services Grade 1, Class 1 con- 
ditions. Full details of these valveholders and 
other components in the Ediswan range are given 
in catalogue CR.1681. Manufacturers and 
Development Groups may have a copy on request. 


EDISWAN 


Chix 
RADIO, TELEVISION & ELECTRONIC COMPONENTS 


THE EDISON SWAN ELECTRIC COMPANY LIMITED, Member of the A.E.I. Group of Companies 
155 Charing Cross Road, London, W.C.2 and Branches. Telephone: Gerrard 8660. Telegrams: Ediswan, Westcent, London 
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OFFICIAL APPOINTMENTS 


AIR MINISTRY requires Scientific Officers for 
Operational Research, in or near London, 
under direction of Scientific Adviser to Air 
Ministry. Qualifications: First or Second Class 
Honours Degree or equivalent, in Mathematics, 
Physics or Economics. Salary: (London) within 
range £492 10s. to £885. Provincial rates and 
rates for women somewhat lower. Posts un- 
established, with possibilities of establishment, 
through the Civil Service Commission, for suc- 
cessful candidates whilst remaining under age 
31. Application forms, quoting A.384/54A 
from M.L.N.S., Technical and Scientific Regi- 
ster (K), 26 King Street, London, S.W.1. 

W 3185 


AIR MINISTRY require Scientific Officer at 
R.A.F. Experimental Establishment in Norfolk, 
for development and adaptation of radio equip- 
ment pulse techniques including aerials, power 
supplies and displays. Quals.: Ist or 2nd class 
honours degree or equivalent in electrical 
engineering or physics with bias towards elec- 
tronics. Previous experience of airborne radar 
systems would be an advantage. Salary accord- 
ing to age, and post graduate research experi- 
ence in range £467 10s.-£845 (superannuable). 
Opportunities to compete for establishment may 
arise. Application forms from M.L.N.S., Tech- 
nical and Scientific Register (K), 26 King 
Street, London, S.W.1, quoting D163/5A. 
Closing date 10th June 1955. W 3151 
APPLICATIONS invited for Electronics Tech- 
nician. Duties include construction of equip- 
ment for wide range of researches. Previous 
experience an advantage but suitable applicants 
having just completed National Service con- 
sidered. Salary in range £340-£480 plus London 
Weighting. Pension heme. Write to Pro- 
fessor A. . Ubbelohde, Department of 
Chemical Engineering, Imperial College, S.W.7. 

W 3177 


ASSISTANT ENGINEER (Telecommunications 
of Electronics) required for their London office 
by the Crown Agents for Overseas Govern- 
ments and Administrations. Basic salary scale 
£650x £25 to £750x£30 to £960x£40 to 
£1,000 plus Extra Duty Allowance of approxt- 
mately 8 per cent and a Pay Supplement of 
from £25 to £35 a year. The £650 minimum is 
linked to entry at age 25 and is subject to 
increase at the rate of one increment for each 
year above that age up to 34. Fully qualified 
officers at least 27 years old may be eligible 
for a special increase of £75 after two years’ 
service. Engagement on unestablished terms 
with prospect of appointment to the established 
staff after five years’ service and of promotion. 
Candidates should be between 25 and 35 years 
of age and have a degree in electrical engineer- 
ing (Telecommunications and Electronics) or 
be a Graduate or Corporate Member of the 
Institution of Electrical Engineers. They should 
have had works experience with an established 
firm specializing in telecommunication and 
electronic equipment and have had subsequent 
Operating or design experience on this type of 
equipment. Previous contract experience would 
be an advantage. The duties of the post will 
entail the purchase of all types of telecom- 
munication, broadcasting and other electronic 
equipment including the preparation of detailed 
Specifications to enable tenders to be invited, 
and adjudication thereon. Also, the preparation 
of reports giving advice to Administrations on 
problems connected with this type of equip- 
ment, Write to the Crown Agents, 4 Millbank, 
London, S.W.1. State age, name in block 
letters, full qualifications and experience and 
quote M2/40772/EK. W 3190 


BRITISH OVERSEAS AIRWAYS CORPORA- 
TION require Engineers for the overhaul and 
maintenance of flight simulators in their Cen- 
tral Training Unit, near London Airport. 
pyemeonts should have a thorough knowledge 
of electronic techniques; practical experience in 
the maintenance of analog computers, aircraft 
tadio equipment_and remote indicating system 
an advantage. Duties: 3-shift systems covering 
24 hours per day; Cw according to qualifi- 
cations £ to £756 12s. p.a. plus approx. 
£80 p.a. shift pay. to be 
addressed to Staff Superintendent (Recruitment), 
B.O.A. London Airport, Hounslow, 
Middlesex. W 3228 
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BRITISH EMPIRE CANCER CAMPAIGN. 
Electronics Technician required to construct 
special apparatus for research and to assist 
with maintenance and operation of million volt 
electron accelerator. Age 22-35 preferred. 
Appointment will be either in the Technical 
Grade £470-£545, or in the Senior Technician 
Grade £570-£655, according to age and qualifi- 
cations. Apply to Director, Research Unit in 
Radiobiology, Mount Vernon Hospital, North- 
wood, Middlesex. W 3146 


CITY OF LIVERPOOL, Education Committee, 
Riversdale Technical College. Principal: A. R. 
Kinsman, B.Sc. (Eng), .M.LE.E., 
A.M.I.Mech.E. Applications are invited from suit- 
ably qualified persons for the undermentioned 
appointments (full-time). Grade A Assistant 
Teacher for Radio’ and Electrical Engineering. 
Industrial experience desirable. Grade B Assist- 
ant Teacher to assist in full-time P.M.G. Certi- 
ficate and part-time Radio Servicing Courses. 
Industrial and/or Marine experience an advan- 
tage. Salaries in accordance with the Burnham 
Technical Scale, 1954. Further particulars and 
form of application (returnable as soon as pos- 
sible) may be obtained from H. S. Magnay, 
M.A., Director of Education, 14 Sir Thomas 
Street, Liverpool, 1. Thomas Alker, Town Clerk 
and Clerk to the Local Education Authority. 
(JA.3890). W 3173 


D.S.LR. require Assistant Experimental 
Officers at Mechanical Engineering Research 
Laboratory, East Kilbride, near Glasgow, - to 
assist in developing electronic devices, includ- 
ing pick-ups, amplifiers and associated equip- 
ment for precision measuring apparatus 
Candidates must have two passes in G.C. 
at advanced level in mathematics and science. 
If over 22 would normally be expected to have 
pass degree H.N.C. or equivalent in engineer- 
ing Or physics. General knowledge or practi- 
cal experience of electronics an advantage. 
Inclusive annual remuneration for 454-hour 
week within range: (men) £297-£659, (women) 
£297-£570. East Kilbride is a new town with 
good housing prospects. Application forms 
from M.L.NS., Technical and Scientific Regi- 
ster (K), 26 King Street, London, S.W.1, quot- 
ing A 133/5A. W 3136 


ELECTRICAL ENGINEER required at Mini- 
stry of Supply, Fighting Vehicles Research and 
Development Establishment, near Chertsey, 
Surrey for development of gun control equip- 
ment for fighting vehicles. The work involves 
experimental design of electrical and mechanical 
devices, and direction and supervision of work 
of this nature carried out in Industry for the 
Ministry. Quals.: Ist or 2nd class honours 
degree or equivalent qualification in Electrical 
Engineering. Working knowledge of electronics 
and servo mechanisms desirable. Salary 
within Senior Scientific Officer range £970- 
£1,125 (superannuable). Women somewhat 
less. Application forms from M L.N.S., Tech- 
nical and Scientific Register (K), 26 King 
Street, London, S.W.1, quoting D 211/5A, 
closing date 10 June 1955. W 3263 


ENGINEERS OR_ PHYSICISTS Atomic 
Energy of Canada Limited invites applications 
from engineers or physicists for electronics 
research and development with particular ref- 
erence to circuits and systems in atomic energy 
research and the atomic power field. Appli- 
cants should have a first or second class 
honours degree. Post-graduate experience 
would be an advantage but is not essential. 
Salaries in the range $3,750 to $6,000 per 
annum, depending on qualifications and experi- 
ence. It is hoped that interviews for applicants 
can be arranged in the U.K. State particulars 
including age, marital status, education and 
experience in first letter to File 4C, Atomic 
Energy of Canada Limited, Chalk River, 
Ontario. W 3174 


INSTRUMENT ENGINEER required by the 
United Kingdom Atomic Energy Authority at 
Risley for design, adaption and selection of 
instruments for use on process plants. These 
include instruments for measuring temperature, 
pressures, pH flow and radio-activity, and 
equipment for analysing gases and liquids. 
Applicants should have served a recognized 
engineering apprenticeship with | Corporate 
Membership of a Senior Engineering Institu- 
tion, or equivalent. Experience in the field 
of instrument design is essential. Salary £695 


(at age 25) to £1,065 pa. The successful 
candidate will be required to join the 
Authority’s contributory pension scheme. Send 
postcard for application form to the United 
Kingdom Atomic Energy Authority, Industrial 
Group Headquarters, Ris'ey, near Warrington. 
Reference 934 must be quoted. W 3231 


MINISTRY OF SUPPLY requires Electronics 
Technician at Bickley, Kent, to assist calibra- 
tion and repair of electronic test instruments. 
Quals.: British of British parents. Recognized 
engineering apprenticeship or equivalent in 
electronics. Knowledge high voltage measure- 
ments and calibration of meters at D.C. and 
power frequencies advantageous. O.N.C., 
appropriate City and Guilds certificates or 
equivalent desirable. Salary: Within £565 (age 
26) to £695. Not established but opportunities 
to compete for establishment may arise. Apply 
any Employment Exchange quoting Order No. 
Westminster 3360. W 3194 


MINISTRY OF SUPPLY requires Electronics 
Technicians at Farnborough, Hants (and pos- 
sibly at Bickley, Kent later) to supervise, or 
assist in, scheduling of R.A.F. telecommuni- 
cation equipment showing breakdown into sub 
assemblies and components: preparing lists of 
spafes, connectors for aircraft installations; 
ensuring completeness of contractors drawings 
Qualifications: British of British parents. 
Recognized engineering apprenticeship or 
equivalent in electronics. Must have long work- 
shop experience radio/allied equipments, able 
interpret drawing, specifications, circuit dia- 
grams. Knowledge component standardization 
and R.A.F. service requirements advantageous. 
O.N.C. or City and Guilds or equivalent desir- 
able. Vacancies in two grades at salaries with- 
in £535 (age 26) to £772. Application forms 
from A.B. 1181, London Appointments Office. 
Ministry of Labour and National Service, 1- 
Tavistock Square, W.C.1. W 3184 


PROFESSIONAL ENGINEERS required for a 
wide range of duties covering:— 1. Workshops. 
To control workshops making high precision 
mechanical, electromechanical and _ electronic 
devices and equipment. 2. Chemical Engineer- 
ing. To lead or serve in project teams engaged 
on the design and development of chemical 
plant equipment. 3. Project Liaison and Plan- 
ning. To co-ordinate the activities of several 
groups working on scientific and engineering 
aspects of weapons design and to maintain 
liaison between a number of groups covering 
the project. 4. Methods Engineers. To lead 
or to serve in a team working on the develop- 
ment of new methods, processes and _tech- 
niques in mechanical engineering manufacture. 
5. Planning of New Buildings and Services. 
To be responsible for the production of plans 
and specifications for new offices, laboratories 
and workshops, their associated plant and 
services, and the general supervision of con- 
struction. Applicants should have previous ex- 
perience in one or more of the fields given 
above, have served a recognized engineering 
apprenticeship and be corporate members of 
one of the Institutions of Chemical, Civil, 
Electrical and Mechanical Engineers or possess 
equivalent qualifications. Salary: The salary 
scales are within the range of £695 to £1,620. 
Starting pay will be assessed according to age, 
qualifications and experience. Superannuation: 
The successful applicants will be required to 
join the Authority’s contributory scheme. 
Housing: Housing accommodation will 

available within a reasonable period for 
married officers who live outside the radius of 
the Establishment’s transport facilities or 
alternatively the Authority may be able to 
assist successful ay geod in the Purchase of 
a house. During this period a lodging allow- 
ance may be payable. Applicants should state 
the type of post for which they wish to be 
considered and quote reference 645/WGE/42. 
Requests for application forms by Post Card 
to Senior Recruitment Officer, United King- 
dom Atomic Energy Authority, ee, 
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OFFICIAL APPOINTMENTS (Cont'd.) 


PHYSICIST or Electrical Engineer, young 
graduate (B.Sc.), required by small University 
Research Laboratory for construction and main- 
tenance of electronic medical devices. Salary 
£500 to £850 . according to qualifications 
and age; F.S.S.U. benefits. Vacancy in autumn. 
Application giving particulars ‘to: Nuffield 
Department of Anaesthetics, Radcliffe Infirm- 
ary, Oxford. W 3255 








POST OFFICE: Assistant Engineer. The Civil 
Service _ Commissioners announce an open 
competition commencing 16th August, 1955 for 
not less than SO posts for men. Age at 
least 174 and under 234 on Ist March, 1955, 
with extension for service in H.M. Forces and, 
up to two years, for established civil service. 
Starting salary (London) according to age from 
£402 (at 18) up to £540 at age 25 or over on 
entry. Maximum £815. Somewhat lower in 
Provinces. For particulars (including pros- 
pects) and application form write (preferably 
by post card) to Secretary, Civil Service 
Commission, Burlington Gardens, London. 
W.1, quoting No. 159/55. Application forms 
must be returned by 23rd June, 1955. W 3218 


THE LONDON HOSPITAL MEDICAL 
COLLEGE, Turner Street, London, E.1, re- 
quires a Technician for the construction, test- 
ing and maintenance of electro-medical appara- 
tus. O.N.C. or equivalent qualification desir- 
able but not essential. Salary, according to 
age and experience, on the Whitley Scales for 
Medical Laboratory Staff. Applications, stat- 
ing age, qualifications and experience, to the 
Secretary within 14 days. W 3175 








THE UNITED KINGDOM ATOMIC ENERGY 
AUTHORITY, Aldermaston, Berks, requires an 
Experimental Officer to be responsible for the 
design of transformers, chokes and R.F. coils 
for electronic equipment for instrumentation 
and equipment design departments. The mini- 
mum qualification is H.S.C. (Science) or 
equivalent, but a H.N.C. in Electrical Engineer- 
ing is desirable. Applicants should have experi- 
ence of small power (less than 4} kilowatt) trans- 
former and choke design and R.F. and LF. 
coil design with particular reference to service 
climatic conditions. A knowledge of pulse 
transformer design technique would be an ad- 
vantage. Salary £775-£945 p.a. (male) mini- 
mum age 26. The successful applicant will be 
required to join the Authority’s contributory 
Superannuation scheme. Housing accommoda- 
tion will be available within a reasonable period 
for married officers who live outside the radius 
of the Establishment’s transport facilities or 
alternatively the Authority may be able to 
assist successful applicants in the purchase of 
a house. During this period lodging allowance 
may be payable. Requests for application 
forms by postcard to Senior Recruitment 
Officer, A.W.R.E., Aldermaston, Berks. 
Quote reference 646/WGE/42. W 3230 





THE UNITED KINGDOM ATOMIC ENERGY 
AUTHORITY, Aldermaston, Berks, requires a 
number of Mechanical Design Engineers in the 
grade of Engineer III to assist in the design 
and development of prototype mechanical and 
electro-mechanical devices to meet scientist’s re- 
quirements. Applicants should have served a 
Tecognized engineering ee gm | and be 
corporate members of one of the Institutions 
of Mechanical or Electrical Engineers. Previ- 
ous experience in the mechanical design field 
and of current Drawing Office and Workshop 
practice is desirable. For two of the posts a 
knowledge of vacuum techniques would be an 
advantage. Salary £695 (age 25) £1,065 p.a. 
(male). The successful applicants will be re- 
quired to join the Authority’s contributory 
superannuation scheme. Housing accommoda- 
tion will be available within a reasonable period 
for married officers who live outside the 
radius of the Establishment’s transport facili- 
ties or alternatively the Authority may be able 
to assist successful applicants in the purchase 
of a house. — this period a lodging allow- 
ance may be payable. Requests for application 
forms by Post Card to Senior Recruitment 
Officer, A.W.R.E., Aldermaston, Berks. Quote 
Reference 616/WGE/42. 3172 
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THE UNITED KINGDOM ATOMIC ENERGY 
AUTHORITY, A.W.R.E., Woolwich Common, 
requires Technicians Grade I, II, and III, for 
the following duties:— Technician I (620/ 
WGE/42), to supervise and control several 
workshops ‘engaged in the manufacture of 
electronic equipment and to assist a_profes- 
sional engineer in the investigation of new 
manufacturing processes and the development 
of prototy, electronic equipment. Applicants 
must be familiar with modern light machine 
shop practice, including sheet metal work as 
applicable to radio and the assembly, wiring 
and testing of electronic equipment. Techni- 
cian I (624/WGE/42). To control a depart- 
ment engaged in the inspection of mechanical 
details and assemblies and in the inspection 
and testing of electronic equipment. Duties 
will also involve the design of electronic test 
equipment for use on a_ production line. 
Applicants should be familiar with the testing 
and inspection of electronic equipment and 
have a good knowledge of light engineering 
workshop practice. Technician II (621/WGE/42) 
To supervise and control a small group en- 
gaged on engineering of prototype electronic 
equipment for small scale production. Appli- 
cants should be familiar with modern elec- 
tronic components and be conversant with 
basic electronic design. They should have had 
some experience of electronic equipment manu- 
facture and of drawing office practice. Tech- 
nician II (622/WGE/42). To control a team 
engaged on the planning for production of 
electronic equipment and to liaise with sub- 
contractors on technical difficulties experienced 
during manufacture. Applicants should have 
had previous experience in similar duties. 
They should be familiar with modern electronic 
components and manufacturing processes. 
A knowledge of inspection and contracts pro- 
cedure would be an advantage. Technician II 
(625/WGE/42). To control skilled staff en- 
gaged in the final testing of electronic equip- 
ment. To design test equipment for use on 
final inspection and production lines and to 
contribute to the production of prototype elec- 
tronic equipment. Applicants should have had 
previous experience of similar duties. They 
should also be familiar with modern electronic 
components and manufacturing techniques. 
Technician ITI (623/WGE/42). To assist in 
engineering of prototype electronic equipment 
and to carry out planning of small scale pro- 
duction. Applicants should be fully conversant 
with modern electronic components and_ be 
familiar with basic electronic design. They 
should have had some experience of electronic 
equipment manufacture and of drawing office 
practice. Technician III (626/WGE/42). To 
control skilled staff engaged in the making of 
a wide range of models, formers, moulds, etc., 
in wood. To advise on the purchase of timber 
and to design instrument cases and special 
packing cases for shipment of apparatus. To 
control a paint and spray shop. Applicants 
should have had previous experience of the 
type of duties detailed. Applicants for all 
posts should have served a recognized engineer- 
ing apprenticeship and possession of ade 
or O.N.C. or equivalent qualifications is 
desirable. Salary: Technician I £830-£1,015 
(male). Technician II £710 (linked to age 30) 
to £830 p.a. (male). Technician III £575 
(linked to age 26) to £715 p.a. (male). In 
addition a London allowance will be payable. 
The successful applicants will be required to 
join the Authority’s superannuation scheme. 
Requests for application forms by enews 
to Senior Recruitment Officer, A.W.R.E., 
Aldermaston, Berks, quoting the appropriate 
reference number. W 3180 





THE UNIVERSITY OF MANCHESTER. 
Applications are invited from graduates for a 
Lectureship in the Fluid Motion Laboratory. 
The person appointed will be required to work 
on problems of electronics and instrumentation 
for the measurement and observation of fluid 
flow, including turbulence, the propagation of 
shock waves and aerodynamic noise. Salary 
on a_ scale £650-£1,350 per nnum; initial 
salary according to qualifications and experi- 
ence. Membership of F.S.S.U. and children’s 
allowance scheme. Applications should be 
sent not later than Sth June, 1955, to the 
Registrar, The University, Manchester, 13, 
from whom further particulars and forms of 
application may be obtained. W 3160 


UNIVERSITY COLLEGE OF THE GOLD 
COAST. Applications are invited for the post 
of Chief Technician in the Department of 
Physics, Duties -include supervision and train- 
ing of laboratory staff, responsibility for 
apparatus and stores, preparation of lecture and 
laboratory material for teaching up to B.Sc, 
(Special) Degree level. Candidates should have 
either considerable experience of similar work 
in a University institution or an Honours or 
Special Degree in Physics. Opportunity for 
post graduate research may be provided if a 
traduate is selected. Three-year contract in 
rst instance. Salary £1,100 per annum with a 
gratuity of £150 in lieu of superannuation pro- 
vision. Family allowance .£100 per child 
(maximum £500 per annum). Part furnished 
accommodation at a rent not exceeding 7-5 
per cent of salary. Outfit allowance on first 
appointment. Annual leave eight weeks in 
United Kingdom. Passages provided for 
appointee, wife, and maximum of five children. 
Applications (6 copies) with the names of three 
references should be sent, before 20th June, 
1955, to the Assistant Registrar (London), 29 
Tavistock Square, London, W.C.1, from whom 
further particulars may be obtained. W 3212 


UNIVERSITY OF BRISTOL. The University 
invites applications for appointment to the 
academic staff of the Electrical Engineering 
Department. Special interests in industrial 
electronics (not radio communications), or in 
electrical control and measurement, are 
desired. The department has recently moved 
into entirely new and re-equipped premises, and 
is expanding its activities, both in teachin 
and in research. Salary range £550 to £1.35 
with family allowance: initial salary accord- 
ing to age and qualifications. Further particulars 
may be obtained on request: H. C. Butterfield. 
Registrar, The University, Bristol, 8. W 3243 


UNIVERSITY OF CAMBRIDGE. A Technical 
Officer is required in the Department of 
Physical Chemistry to hold office from Ist Octo- 
ber 1955. This appointment will be subject to 
the Statutes and Ordinance of the University. 
The Stipend is in the range £750 x £25—£1.050 
a year with F.SS.U., the starting rate depend- 
ing on experience. The qualifications required 
are an Honours Degree in Electrical Engineering, 
Physics or Chemistry, with experience in the 
design and construction of electronic apparatus 
for the study of chemical problems, with special 
reference to flash discharges and microwave 
spectroscopy. There will also be facilities for 
a limited amount of independent research. 
Further details may be obtained from Dr. F 

Kipping. University Chemical Laboratory, Pem- 
broke Street, Cambridge. Applications close 
Ist July 1955. W 3213 


UNIVERSITY OF CAMBRIDGE, Faculty | of 
Engineering—Notice. Applicants are invited 
for the post of Assistant in Research in the 
Department of Engineering. The successful 
candidate will be expected to work full-time 
in research into fundamental problems in 
Control Engineering (Automatic controls and 
Servo-mechanisms). Applicants should have a 
University Degree in Engineering. Physics or 
Mathematics, and some research experience, 
probably in industry, is desirable but not essen- 
tial. Salary £500 . rising by £25 p.a. to 
£700 p.a. and a family allowance of £50 is 
payable for each child. Some years seniority 
may be given to the successful applicant if 
he has had research experience. Forms of 
application and _ other particulars may be 
obtained from the Secretary of the Faculty 


Board of Engineering, Engineering Laboratory, 
Trumpington Street, Cambridge. Applications 
to reach him by 20th June, 1955S. W 3244 


UNIVERSITY OF NOTTINGHAM. Senior 
Research Studentship. One Senior Studentship, 
value £500 per annum for a maximum 0 
three years, is offered as from Ist October 1955 
for research in Civil, Electrical, Mechanical or 
Mining Engineering, or in Metallurgy. Candi- 
dates must be graduates who have had not 
less than two years’ suitable experience in 
industry subsequent to graduation, or who are 
corporate members of a professional institu- 
tion. Further information relating to the above 
may be obtained from the Registrar, to whom 
forms of application must be returned by, Ist 
July 1955. W 3154 
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continued on page 4 
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OFFICIAL APPOINTMENTS (Cont'd.) 


VACANCIES IN GOVERNMENT SERVICE 
at Cheltenham. 1. Instrument Makers with 
fitting and machine shop ee in light 
engineering. 2. Teleprinter, Radio and Elec- 
tronic Mechanics and Assembler Testers with 
experience of telecommunications equipment. 
Basic Pay—£7 18s. 10d. plus merit pay up to 
£2. I0s. assessed at interview, based on ability 
and experience. Opportunities for rmanent 
and pensionable posts. Apply in writing only, 
to ge particulars to Personnel Officer? 
G.C.H.W. (Foreign Office), 53 Clarence Street, 
Cheltenham. W 3029 








SITUATIONS VACANT 
The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 
AERODYNAMICISTS, Physicists, Mathemati- 
cians and Engineers. A _ rapidly expanding 
aircraft instrument firm engaged on the design 
and development of autopilots for aircraft and 
helicopters has vacancies for the following: 
(a) Stability and control analysis. (b) Flight 
simulator assessment of aircraft stability. (c) 
Aircraft Flight Trials of Equipment. Previous 
experience in the aerodynamics or flight test 
department of aircraft or guided weapons 
industry desirable but not essential. Please 
apply giving full details of career and salary 
required (which will be treated in strict con- 
fidence) to: Personnel Officer, Louis Newmark 
Ltd., Prefect Works, Purley Way, Croydon, 
Surre\ W 3249 


A. H. HUNT (CAPACITORS) LIMITED re- 
quire engineers for design and development of 
paper, mica and ceramic capacitors. Applicants 

uld have previous training in_ electrical 
engineering at least to intermediate B.Sc. 
standard. Apply Personnel Manager, A. H. 
Hunt (Capacitors) Limited, Bendon Valley. 
Garratt Lane. Wandsworth. S.W.18. W 2i2 
AIRCRAFT RADIO AERIALS. Gloster Air- 
craft Co. Ltd., Gloucester, have a vacancy 
for an Electronic Engineer (H.N.C. or equiva- 
lent) to work on the development of suppressed 
aerials for aircraft. The work involves 
theoretical and practical knowledge of meas- 
urements from ‘H.F.”" to ‘*X’’ bands and 
of the properties of different types of sup- 
pressed aerials. A small laboratory is being 
established for the work. An _ elementary 
knowledge of aircraft design and construction 





would an advantage. Applications stating 
age, previous employers and experience, etc. 
should be addressed to the Employment 
Officer. W 1319 


AN ASSISTANT DEVELOPMENT ENGINEER 
is required who is accustomed to telephone 
practice, including simple automatic systems. 
He should have some knowledge of audio fre- 
quency electronics and of acoustics. The salary 
would be in the range £500-£650 p.a. Apply to 
Chief Engineer, Winston Electronics Ltd.. 1! 
Park Road, Hampton Hill, Middlesex. W 1337 





A LEADING RADIO and Television Manufac- 
turing Company requires the services of a 
Chief Engineer. Salary up to £3,000 per annum, 
according to qualifications and experience. 
Superannuation and Insurance Schemes _ in 
operation. Please reply, in strictest confidence, 
giving full details to Box No. W 3030. 





APPLICATIONS are invited from Engineers 
and Technicians with experience or aptitude 
in the following fields of Industrial Instru- 
mentation: Engineering Research leading to 
construction of prototype instruments employ- 
ing latest electrics! electronic, pneumatic and 
hydraulic techniques in measurement, control, 


information storage and system analysis. 
Laboratory evaluation of prototype and pro- 
duction instruments. details, in confi- 


dence, to Technical Director, Short & Mason 
Limited, Hale End Road, London, AS 
1346 


ELECTRONIC ENGINEERING 


.of the Engineering Department in a factory 


AN ELECTRONIC or electrical engineer of 
degree standard is required to take charge 


4 





A VACANCY exists for an Electronic Instru- 


ment Development Engineer in the Telecom- 
munications Laboratory of British Insulated 
Callender’s Cables Ltd., at Kirkby, near Liver- 





which is part of a large organization engag 
in the manufacture of all branches of communi- 
cations equipment. The successful applicant 
will be responsible for engineering develop- 
ment, design, and specification of all new 
items, as well as routine engineering problems. 
The wide field of work to be covered offers 
considerable opportunity for advancement. 
Living accommodation for single or married 


rsons can be made available. Box ; 
2419, A.K. Advertising, 212a Shaftesbury 
Avenue, London. W.C.2. W 3067 





APPLICATIONS ARE INVITED from Senior 
Project Engineers with a specialized knowledge 
of the manufacture of Electrical and Mechani- 
cal products. Applicants should have a good 
practical engineering background and a sound 
technical experience of Tool Design and Plan- 
ning and be capable of putting new projects 
on a sound production basis. These vacancies 
offer excellent opportunities to men_ seeking 
permanent and progressive positions. London 
Area. Applications which will be treated in 
confidence, should give full details of experi- 
ence and salary required and be addressed to 
Box No. W 3103. 


A PROGRESSIVE COMPANY engaged in the 
manufacture of plastic laminates and mouldings 
is forming an electronics division, for which 
the following staff is required: (i) Senior Elec- 
tronic Engineers or Physicists with at least four 
years’ experience of the design of pulse or 
microwave radar circuits. (ii) Engineers or 
Physicists who have recently graduated and 
who possess a sound knowledge of electronic 
circuit theory. (iii) Radio-mechanics with 
several years’ experience. Good oppoftunities 
and high salary rates. Write full details of 
past experience to Managing Director, Micro- 
cell Ltd., 56 Kingsway, W.C.2. W 3157 


AUTOMATIC TELEPHONES & ELECTRIC 
COMPANY LTD., Liverpool, 7. Communi- 
cation Engineers and Draughtsmen. The trans- 
mission partment invite applications in 
senior, and junior, categories for Line Trans- 
mission Laboratory Engineers, and Apparatus 
Design Engineers, and also Draughtsmen with 
experience in  telecommunication and __ light 
current engineering. Expanding programmes 
offer progressive opportunities in inter- 
esting work. Specialist experience in any 
branch of line transmission engineering is 
desirable for some of the posts. The posi- 
tions offered are on the Company Staff, with 
contributory Pensions Fund, and usual staff 
conditions. Assistance in establishment in the 
Liverpool area will be given in approved 
cases. Applicants should write to the Person- 
nel Manager, Automatic Telephone & Electric 
Co. Ltd., Strowger Works, Edge Lane, Liver- 
pool, 7, giving full details of age, experience 
and qualifications. W 222 


AUTOMATIC TELEPHONE & Electric Com- 
pany Ltd., Liverpool. Senior Lecturer School 
of Electronics. Applications are invited for the 
post of full time Senior Lecturer in the School 
of Electronics. Candidates must hold a Degree 
in electrical engineering which includes the sub- 
jects, Electronics and Telecommunications. 
Applicants should have had both teaching and 
industrial experience, and a knowledge of elec- 
tronic switching techniques would be an advan- 
tage. Salary as for Senior Lecturer, Burnham 
Technical Scale. Commencing salary according 
to experience and qualifications. Further details 
and application forms may be obtained from 
the Personnel Manager, Automatic Telephone 
and Electric Co. Ltd., Strowger Works, Edge 
Lane, Liverpool, 7. W 3193 


pool. Candidates should hold a degree in 
Physics or Engineering and have previous ex- 
perience in the design and development of 
Electronic Instruments. Applications quoting 
reference P/60/54 should be addressed to: 
The Staff Officer, B.I.C.C. Ltd., Prescot. 
Lancs. W 3223 


BURNDEPT LIMITED have vacancies, due 
to expansion for: (1) Telecommunications 
Development and Research Engineers. Quali- 
fied to operate as Project Leaders under direc- 
tion of Chief Engineer on Government and 
proprietary designs. Experience must be 
within one or more of the following fields:— 
(a) Aeronautical Telecommunications, both 
Airborne and Ground Station designs, with 
special emphasis on U.H.F. techniques with 
the field. (b) F.M. single and multi-channel 
equipment development in both V.H.F. and 
U.H.F. bands. (c) Development of subminia- 
turization techniques and special components. 
(2) Telecommunications Laboratory Instrument 
Mechanics and Wiremen. Must be fully con- 
versant with modern miniature and subminia- 
turization techniques, and be able to wire from 
circuit diagrams on own initiative. Those 
capable of converting experimentally wired 
models to final stage by own_ initiative will 
receive special consideration. Excellent work- 
ing and model shop facilities. Applications, 
giving full particulars, including present salary. 
should be sent in confidence to Personnel 
Manager, Burndept Limited, Erith, Kent. 

W 3220 


CHIEF ENGINEER. A manvfacturer of a 
wide range of aircraft equipment situated in 
the Midlands intends to appoint a Chief 
Engineer to control the work of a large 
engineering department. Applicants should be 
about 40, highly qualified, and capable of 
effective direction of several design teams. The 
post is permanent, pensionable, and a salary 
of about £2,500 is offered to a resolute and 
capable executive who meets these require- 
ments. Applications in confidence quoting 
reference CE.01 to Box No. 3222. 


CHIEF MECHANICAL DESIGNER for 
Research Department of large manufacturers 
of electronic equipment. Previous experience 
in electronic industry essential. Salary up to 
£1,500 p.a. North London area. Write Box 
W 3162. 


DECCA RADAR Limited have, due to the 
continued expansion of their Research Labora- 
tories, a number of vacancies for Circuit 
Design Engineers. These cover work in a wide 
field embracing high and low power pulse. 
receiver, A.F.C., radar display, and test equip- 
ment design in standard and_ sub-miniature 
form. Applicants should be of Degree stan- 
dard; experience is desirable but not essential. 
There is a nsion scheme in operation. 
British Nationality. Please write, quoting RLA 
93 to Decca Radar Limited, Research Labora- 
tories, 2 Tolworth Rise, Surbiton, Surrey. W 219 


DECCA RADAR LIMITED invite applications 
from electrical engineers and physicists of 
degree standard, having practical experience in 
microwave components, to work on advanced 
microwave and millimetric aerial design in a 
rapidly expanding Group: the prospects for men 
of ability are considerable. British Nationality 
Essential. A Pension Scheme is in operation. 
Please write to Decca Radar Limited, 2 Tol- 
worth Rise, Surbiton, Surrey, quoting reference 
RLA 95. W 221 


DECCA RADAR LTD. O 
for young mento be trained } 
measurements on microwave and_ electronic 
equipment. Applicants should have _ basic 
knowledge of radio principles and preference 
will be given to those anxious to continue their 
studies. Senior ts are available to engineers 
with experience in the microwave or electronic 
fields. Applications should be made in writing 
giving details of experience and stating salary 
required to The Chief Inspector, Decca Navi- 
gator Co. Ltd., Malden ay Factory, New 
Malden, Surrey. W 3219 


CLASSIFIED ANNOUNCEMENTS 
continued on page 6 


Opportunities exist 
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What’s this thing between us, George, that prevents our seeing eye to eye ? 
It’s that darned line of Parmeko’s. . . . 
You mean that ‘ one-track mind ’ of theirs ? 
That’s exactly what I do mean, old boy. 
Aren’t they a little off the rails, George ? 


Not on your transformers! Single purpose, single plant—one man, one job team of 
technicians—planning, perfecting, dreaming only transformers. . . . 


But where does all this singlemindedness lead to, George ? 


To the finest transformers possible—and other things ; as we shall see if, as they say 
in advertisements, we watch this space. 


PARMEKO , LEICESTER 


MAKERS OF TRANSFORMERS FOR THE ELECTRONIC AND ELECTRICAL INDUSTRY a 
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SITUATIONS VACANT (Cont'd.) 





The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 

18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
ts excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 


DECCA RADAR LTD An electronic engineer 
is needed for a key position in a Radar System 
team. Candidates should be of a Higher 
National or Degree standard. A pension scheme 
is in operation. Applicants should be of British 
Nationality. Reply quoting reference RLA 81 
to Decca Radar Limited, 2 Tolworth Rise, 
Surbiton, Surrey. 


DECCA RADAR LIMITED plan in the near 
future to put a new project on to the market 
and seek a first-class production engineering 
designer (preferably with both electronic and 
mechanical experience) to take charge of the 
roject. Substantial salary on a rising scale. 
ritish Nationality essential. There is a Pension 
Scheme in operation. Reply quoting reference 
RLA 90 to Decca Radar Limited, Radar Re- 
search Laboratory, 2 Tolworth Rise, Surbiton, 
Surrey. W 216 


DECCA RADAR LIMITED invite applica- 
tions from young men, preferably of HNC 
standard or above, who would like to become 
microwave engineers worki in the modern 
wide field of navigational aids. Training will 
be given to suitable applicants to fit them for 
@ progressive career. British Nationality essen- 
tial. There is a Pension Scheme in operation 
Write giving full personal rticulars and 
quoting RLA 91 to Decca adar Limited. 
Radar Research Laboratory, 2 Tolworth Rise. 
Surbiton, Surrey. W217 


DECCA RADAR LIMITED require the ser- 
vices of a first-class mechanical engineer for 
work on their Microwave Link Systems. This 
post is a special appointment and a substan- 
tial starting salary is envisaged on a rising 
scale. British Nationality essential. Pension 
Scheme in operation. Please write giving full 
particulars and quoting RLA 89 to the Re- 
search Director, Decca Radar Ltd., Radar 
Research Laboratory, 2 Tolworth Rise. Sur. 
biton, Surrey. W 218 


DENIS FERRANTI Meters Limited. Bangor, 
North Wales. Electronics Engineer (Graduate) 
required by rapidly expanding company situ- 
ated in a pleasant coastal district. The appli- 
cant should preferably have had some design 
experience. Housing assistance will be given 
in suitable cases. Apply in confidence to: 
Chief Electronics Engineer, Denis  Ferranti 
Meters Limited, Bangor, North Wales. W 3251 


DESIGN DRAUGHTSMAN, preferably with 
H.N.C., and with experience of electronic and/ 
or precision electro-mechanical equipment re- 
auired by the Electrical Research Department. 
Good starting salary and prospects. with pen- 
sion scheme and five-day week. Write giving 
full details of age, experience and qualifications 
to Personnel Manager. C. A. Parsons & Co. 
Ltd., Heaton Works, Newcastle upon Tyne. 6 

W 3156 


DESIGN ENGINEERS & DRAUGHTSMEN 
are required by Kelvin & Hughes Limited, at 
thejy Barkingside, Essex, works for electro- 
mechanical instrument development work. 
Recent design experience in a similar, or asso- 
ciated field is required, together with a_ tech- 
nical background, preferably of at least Higher 
National Certificate standard. Applicants 
should also have had a mechanical engineering 
apprenticeship, or equivalent practical train- 
ing, and possession of some knowledge of 
Electronics is an advantage. The positions are 
permanent and offer scope within an expand- 
ing Organization to designers of progressive 
outlook who are able to use their own initia- 
tive. Written application, in strictest confi- 
dence, should be addressed to the Personnel 
Manager, Kelvin & Hughes, Ltd., New North 
Road, Barkingside, Essex. W 3086 


DESIGNER DRAUGHTSMEN with _ sound 
experience of Presision Mechanical or Electro- 
Mechanical Equipment and holding the H.N.C. 
required on important work in the London 
area by Large Engineering Company. Salary 
in £600/£800 year range to successful appli- 
cants, together with a living allowance if com- 
ing from outside the district. Positions are 

rmanent and Pensionable. Please write giving 

1! particulars of experience and qualifications 
to Box No. W 1291. 


ELECTRONIC ENGINEERING 


DESIGNER (25/55 years) required by old- 
established firm of e'ectrical component manu- 
facturers in N.W. London. Applicants must 
possess sound knowledge of radio frequency 
circuits, pulse forming networks and experience 
in the electronic, radio and/or television industry 
would be an advantage. Superannuation scheme. 
Write stating age, experience and salary re- 
quired to Personnel Manager, Box 3M S4588, 
A. K. Advg., 212a Shaftesbury Avenue, w ua 


DEVELOPMENT ENGINEERS. A _leading 
Manufacturer of Radio and Television Receivers 
has vacancies in its Laboratories for Electronic 
Engineers with experiece in the Design and 
Development of this type of equipment. 
Situated in the Midlands. Salaries according 
to qualifications and experience. Those in- 
terested should write, giving details of career 
and salary expected to the Personnel Manager 
(Ref. GLB), Box No. W 3037. 


DEVELOPMENT ENGINEERS. A _ medium- 
company, progressive and expanding, and now 
establishing mew works and laboratory near 
Sunbury-on-Thames, Middlesex, invite applica- 
tions from electronic engineers of H.N.C. or 
Degree standard with practical experience of 
development. Work is varied and conditions 
afford interest and scope for initiative with 
a progressive salary and pension scheme. Inter- 
view expenses paid. Applicants please state 
brief details of training, age, and project 
experience. Box No. W 3248. 


DEVELOPMENT ENGINEERS. Applications 
are invited from men interested in. design 
work on weighing and recording equipment. 
embodying electronic and _ electro-mechanical 
features, recently marketed by the Company. 
These are Staff appointments. Salaries commen- 
surate with qualifications and experience. Sick 
Pay and Pension hemes are in operation. 
Write, giving personal particulars, to the 
Personnel Officer, The British Tabuiating 
Machine Co. Ltd.. Letchworth, Herts. W 3054 


DRAUGHTSMEN: Vacancies for senior 
draughtsmen with experience of Electronic 
and/or Electro-mechanical engineering required. 
preferably with experience of Ministry require- 
ments. Excellent prospects with good commenc- 
ing salaries; non-contributory Pension Scheme 
in operation. Applications will be treated in 
strict confidence and should give full chrono- 
logical details of qualifications, experience and 
age to: John A. Smith Ltd., 24 Lichfield Street. 
Wolverhampton. W 201 


DRAUGHTSMEN. An expanding production 
rogramme has created a number of vacancies 
or Mechanical Designers, Senior Draughtsmen 
and Detail Draughtsmen. Situated in the Mid- 
lands. The work involves the complete engin- 
eering of electronic apparatus for Government 
Contracts and of domestic Radio and_ Tele- 
vision equipment. Applicants interested in this 
type of work, with or without experience, are 
invited to apply, giving details of career and 
salary expected to the Personnel Manager 
(Ref.GLB) Box No. W 2996. 


EDITORIAL ASSISTANT for Electrical Engin- 
eering Journal. (London). Engineering or 
Science degree and some engineering experience 
necessary. Journalistic knowledge desirable but 
those with literary ability would be con- 
sidered. Good prospects for advancement. Age 
approximately 25-30. Salary according to 
qualifications and experience. Box No. W 3166. 


ELECTRICAL AND MECHANICAL ENGIN. 
EERS. Sunvic Controls Ltd. (a subsidiary of 
Metropolitan-Vickers Electrical Co. Ltd.) have 
the following vacancies in their new Develop- 
ment and Production Units at Harlow. 1 
Graduate Engineer with experience in design or 
development of electro-mechanical mechanisms 
and their application to instrument problems. 
2. Graduate engineer with practical experience 
in the development of electronic equipment 
and preferably a knowledge of the latest 
development in pulse techniques. 3. Applica- 
tion engineer of degree standard with experi- 
ence in the application of electronic techniques 
to industrial and process control problems. 
The above positions are permanent and offer 
excellent prospects for promotion in a team 
engaged on the development and manufacture 
of a wide range of new instruments. Salaries 
will be according to age and ability. The Com- 
Pany’s contributory pension scheme applies in 
all cases, and housing is available if required. 
Reply in writing, giving full particulars of age, 
experience, qualifications and present situation, 
to Chief Engineer, Sunvic Controls Ltd., 
Harlow, Essex. W 209 


ELECTRICAL DEVELOPMENT ENGINEER 
required for work on A.A. defence projects at 
the British associate company of the Hispano- 
Suiza group. Candidates must have Grad. 
I.E.E. or equivalent qualification. A sound 
knowledge of the fundamenta's of electronics 
and applied mathematics and the ability to 
learn are of more importance than detailed 
experience of similar work. The successful 
applicant will work from the design office but 
will also be engaged in trials of prototype 
equipment in the factory and in the field. The 
post is a permanency and entitles holder to 
Participation in superannuation scheme. Appli- 
cations with details of age, experience, qualifi- 
cations and salary required, by post only to 
British Manufacture and Research Co. Ltd., 
Grantham, Lincs, quoting ref.: AWK/STAFF/ 
EE. W 1340 


ELECTRONIC / ELECTRICAL Engineer re- 
one by London Manufacturers of Radio 
omponents to take charge of measurements 
laboratory and test gear design. Experience of 
measurement capacitors or telecommunication 
cables essential. Salary range £750 to £850 p.a 
Company rapidly expanding. Write details of 
qualifications, experience, age and present sal- 
ary. Box W 3201. 





ELECTRICAL / ELECTRONIC / RADIO 
ENGINEERS. A number of vacancies exist in 
the Design Organization of Vickers-Armstrongs 
Limited, Hursley Park, near Winchester. The 
work will include development, design and 
testing of latest specialized installations in Air- 
craft. Applicants with varying qualifications up 
to Degree standard are invited to apply. Salary 
commensurate with experience and _ ability. 
Recommendation may be made for housing 
after qualifying period. Apply:— Personnel 
Department, Vickers-Armstrongs Limited, 
Hursley Park, near Winchester. W 3129 





ELECTRICAL ENGINEER or Physicist with 
an interest in electronics required for work in 
the Midlands on a number of_ interesting 
development projects concerned with the appli- 
cation of electrical and electronic techniques 
to industrial processes. Honours Degree is 
desirable but not essential, particularly if candi- 
dates have already had several years’ experi- 
8 work of a similar nature. Box No. 


ELECTRICAL ENGINEERS. Vacancies exist 
in the Electro-Mechanical Section of the 
development division of a rapid!y expanding 
organization. Work in this section deals with 
light and servo mechanisms and power supply 
and control. Qualifications: Engineers holding 
a degree or equivalent for senior Engineers; 
National Certificate for junior Engineers. 
Salary will be according to qualifications and 
experience. All replies should be addressed to: 
The Radar Development Division, Decca Radar 
Ltd., 9 Davis Road, Tolworth, Surbiton, 
Surrey. W 3161 





ELECTRONIC DIGITAL COMPUTERS, men 
about to leave the armed forces with experience 
of Radar maintenance are invited to apply for 
posts now vacant, due to expansion, on this 
new and interesting type of engineering. Previ- 
ous experience on this equipment is not essen- 
tial since training on full salary will be pro- 
vided at Marconi College to those people who 
lack the necessary ‘‘know how’ but possess 
the interest and enthusiasm for this type of 
work. Please apply in writing to Dept. 
C.P.S., 336/7 Strand, W.C.2, quoting Ref. No. 
1353D. W 3131 





ELECTRONIC PRODUCTION ENGINEER. 
Small but rapidly expanding subsidiary of a 
world renowned manufacturing company, re- 
quires an experienced Electronic Engineer as 
Production Manager at their new Richmond 
unit. Practical experience of production 
methods more important than academic quali- 
fications. Interesting pioneering work. Excel- 
lent scope for keen organizer. Good salary. 
Write stating fully previous qualifications and 
experience to Box No. W 3238. 





CLASSIFIED ANNOUNCEMENTS 
continued on page 8 
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THE SCOPES THAT SWEPT 


Dr. Frittertime from 
The Physical Society Exhibition ! 
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BRIEF SPECIFICATION OF CD.514 BRIEF SPECIFICATION OF CD.513 
“Y’’ Sensitivity : 30 mV/cm—30 V/cm from 5 c/s to 9 Mc/s (3 db) ““Y ” Sensitivity: | mV/cm maximum 
“Y’’ Calibration : 50 cycle sine-wave, 100 mV, | V, 10 Vand 100 V Direct time and voltage measurement 
‘*X” Expansion : 0.5 to 5 diameters. High definition and excellent brilliance 
Time Calibration: 0.1, | and 10 microsec. intervals Bandwidth : D.C.—10 Mc/s (3 db) 
T.B. Frequency: 15 c/s to 300 Kc/s 4 million to | time-base range 
T.B. Trigger Sensitivity: | v. R.M.S., minimum Identical “‘X'’ and ‘ Y ” amplifiers 
Weight: 40 Ibs. Size: 123” x 8}” x 164” deep overall. Weight: 70 lbs. Size: 16” x 10” x 23” deep overall. 


THE SOLABTROYM ELECTROWIG GROUP LTD. 


THAMES DITTON, SURREY. TELEPHONE: EMBerbrook 56/1. CABLES: SOLARTRON, THAMES DITTON 
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SITUATIONS VACANT (Cont'd.) 





The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 








ELECTRONIC ENGINEER—Degree or Sule 


lent, previous design experience of V.H. 
F.M. obile equipment essential. Small but 
rapidly expandin organization on South 


Coast (near Southhampton). Write full details, 
A ~ aammmcend and salary expected to Box No. 


ELECTRONIC ENGINEER required to design 
and develop Electronic Instruments and Test 
Gear. Experience in this field essential. Good 
salary and excellent prospects for advance- 
ment in expanding company. Rivlin Instruments 
Ltd., 7a Maitland Park Villas, London, N.W.3. 
GUL 2960 W 1345 


ELECTRONIC ENGINEER required by London 
manufacturers of Radio Components to take 
charge of measurements Laboratory and test 
gear design. Experience of measurement of 
capacitors or telecommunication cables essen- 
tial. Salary £750 p.a. Write details of qualifica- 
~ ag - ience, age and present salary. Box 
lo. 


ELECTRONIC ENGINEER, to control Lab- 
oratory and be responsible for Works Stan- 
dards and general Test Equipment, etc. Must 
be capable of carrying through to conclusion 
investigations/development of radio variable 
condensers and equipment for frequencies in- 
cluding V.H.F. Applicants must have good 
educational background, considerable industrial 
experience, and be used to controlling staff. 
Write concisely, stating qualifications, experi- 
ence, age and salary required to Wingrove & 
Rogers Limited, Domville Road, Old Swan, 
Liverpool, 13. W 223 


ELECTRONIC ENGINEERS are wanted in 
large Midland Engineering Plant, the positions 
are progressive and interesting requiring quali- 
fied and experienced Electronic Engineers, 
Senior and junior for rapidly expanding labora- 
tory engaged upon measurement and control 
problems. State age, qualifications and_experi- 
ence fully, in confidence, to Box No. W 3109. 





ELLIOTT BROS. (LONDON) Ltd., Electronic 
Engineers, Physicists, Mechanical Designers. 
Applications are invited from Electronic 
Engineers. Physicists and Mechanical Designers 
who would be interested in joining a new 
research and development team to operate in 
the Company’s establishment at Weymouth. 
Vacancies exist at all levels including that of 
Chief Engineer and an interesting field of work 
involving advanced Electronic and Mechanical 
techniq is ph d. Applications, which will 
be treated in the strictest confidence, stating 
age, experience and qualifications to Personnel 
Manager, Elliott Bros. (London) Ltd., Century 
Works, Lewisham, S.E.13. W 3149 








E.M.I. Engineering Development Ltd., Assist- 
ant Trials Planner. An assistant is required 
for trials planning at the Company’s Feltham 
laboratories. The engineer we are looking for 
will have H.N.C. or similar qualifications, and 
3-6 years’ experience, preferably in _ trials 
activity, and should be willing to travel. A 
knowledge of telemetry will be a distinct ad- 
vantage. The salary for this pensionable post 
is attractive and prospects in this active and 
steadily expanding company are excellent. 
Please reply in the first instance to Personnel 
Dept. (ED/246), E.M.I. Engineering Develop- 
ment Ltd., Blyth Road, Hayes, eee. 
3198 





ELECTRONIC ENGINEERING 








E.M.I. Engineering Development Ltd. The 
following vacancies exist for staff in a team 
developing Electronic Business Machines. (1) 
Electronic Circuit Engineers with experience of 
low power pulse circuits magnetic recording or 
digital computers. (2) _ Electro-Mechanical 
Engineers with experience of design or develop- 
ment of keynotes for office machines, electric 
typewriters, teleprinter equipment or similar 
electro magnetic devices. (3) Assistant Program- 
mers preferably with experience of office 
systems, Or programming for digital computers. 
The positions are pensionable and offer good 
starting salaries with excellent prospects. Appli- 
cants should write with full details to Personnel 
Dept. (ED/248), E.M.I. Engineering Develop- 
ment Ltd., Hayes, Middlesex. W 3214 





E.M.I. Engineering Development Ltd. Experi- 
enced Valve Engineer, An interesting vacancy 
has arisen at the Company’s Feltham labora- 
tories for a Valve Engineer with 4-6 years’ ex- 
perience of both valve and micro-wave genera- 
tors. Applicants who should be qualified, will 
have some knowledge of testing both in quan- 
tity and for special purposes, will be able to 
design suitable test equipment, and have some 
applications experience. The salary offered for 
this pensionable post is attractive, and the pros- 
pects in this active company, are excellent. 
Please address your first reply to, Personnel 
Dept. (ED/244), E.M.I. Eng. Dev. Ltd., Blyth 
Road, Hayes, Middlesex. W 3215 





E.M.I. Engineering Development Ltd. Circuit 
An attractive vacancy has arisen at the 


‘Hayes Laboratory of this active and expanding 


company. We want a first-grade electronics 
man to design and develop original circuits 
ranging from pulse circuits for radar display 
to those related to computers and servo- 
mechanisms. The successful candidate will be 
qualified, and will have had some experience in 
this or an analogous field. The post is pension- 
able, the salary commensurate with experience 
and ability, and the prospects are excellent. 
Please reply in the first instance to, Personnel 
Dept. (ED/236), E.M.I. Engineering Develop- 
ment Ltd., Blyth Road, Hayes, Middlesex. 
W 3192 





E.M.L. Engineering Development Ltd. Redevelop- 
ment Authority. A vacancy has arisen for a 
Senior Electronics Engineer who will be pre- 
pared to take over, on behalf of the company, 
full responsiblity for a Radar or Communica- 
tions system used by the Services. His main 
tasks will be to formulate plans for redevelop- 
ment with special reference to increasing the 
reliability and extending the use of the equip- 
ment The post carries an attractive salary 
and is pensionable and holds out great oppor- 
tunity for the right man. Reply in the first 
instance to Personnel Dept. (ED/240), E.M.I. 
Eng. Dev. Ltd., Blyth Road, Hayes, Middlesex. 

W 3196 





ENGINEER with electrical or physicist degree 
required for development work on testing equip- 
ment for telecommunication cables. Perma- 
nent and pensionable position at salary com- 
mensurate with experience and qualifications. 
Please apply, giving full particulars to Person- 
nel er, Southern United Telephone Cables 
Ltd., Dagenham Dock, Essex. W 1316 


E.M.I. Engineering Development Ltd. Aircraf: 
Electronic Equipment. An extremely interest- 
ing vacancy has arisen within the company, for 
an Engineer to take responsibility for the solu- 
tion of problems associated with the installa- 
tion of all types of electronic equipment in air- 
craft. The successful applicant must have had 
wide experience in this field. He must appreci- 
ate both the aeronautic and the electronic 
engineer’s viewpoint. The post is pensionable, 
the salary will be commensurate with ability 
and experience, and the prospects are excellent. 
Please reply in the first instance to, Personnel 
Dept. (ED/241), E.M.I. Engineering Dev. Ltd., 
Blyth Road, Hayes, Middlesex. W 3197 


E.M.I. Engineering Development Ltd. Micro- 
Wave Design Work. An engineer is required 
at the Company’s Feltham laboratories to col- 
laborate on micro-wave component design and 
to investigate problems arising from quantits 
manufacture of micro-wave components and 
aerials. Applicants should have 4-6 years’ 
experience and a Degree in science or engineer- 
ing would be a distinct advantage. An attrac- 
tive salary is proposed for this pensionable post, 
and prospects in the company, which is 
steadily expanding, are considerable. Please 
reply in the first instance to Personnel Dept. 
(ED/245), E.M.I. Eng. Dev. Ltd., Blyth Road. 
Hayes, Middlesex. W 3195 





ENGINEERS AND _ PHYSICISTS.  Ferranti 
Limited in their new Laboratories are engaged 
in a programme of electronic development of 
great industrial importance. e work in- 
volves the use of digital computers to control 
machines and industrial processes and covers 
a wide and expanding field of application, offer- 
ing long-term interest to those engaged in it. 
Development activity for these projects is 
taking place in the field of electronic circuitry 
(including pulse technique), digital computers, 
magnetic recording and servomechanisms. 
Engineers and Physicists having experience as 
well as interest in one or more of these sub- 
jects are invited to apply. The appointments 
are permanent and offer full scope for initiative 
in an expanding organization. A salary com- 
mensurate with the qualifications required will 
be paid. Staff Pension Scheme. Application 
Form will be sent on request (quoting Ref.: 
EP/AL) to the Personnel fficer, Ferranti 
Limited, Ferry Road, Edinburgh, 5. W 3225 


ERICSSON TELEPHONES LTD. have in their 
Research Laboratories a number of vacancies 
for circuit designers and equipment engineers 
to work on nucleonic instr _and intere 

ing new developments in electronic computing 
and switching; both senior and junior posts 
are available. Applicants should have a degree 
or equivalent plus several years’ experience of 
appropriate work for the senior posts; corre- 
spondingly reduced qualifications and experience 
will be accepted for junior posts. Salaries wil! 
be in accordance with age, qualifications and 
experience. Applications, giving details of age, 
academic or other omgen 3 and qualifications. 
experience, and starting salary required, should 
be sent to the Personnel Officer, Ericsson 
Telephones Ltd., Beeston, Nottingham. W 197 


EX NAVAL R.E.A:.s, R.E.s, or R.A.F. air or 
ground radar fitters. Applications are invited 
for employment on Development and_Proto- 
type Testing of Radar and Guided Weapon 

uipments. There is plenty of scope for 
enthusiastic men with initiative and ability. 
The work is interesting and working conditions 
are good. The positions offered are perma- 
nent and are covered by a contributary pension 
scheme. Salary according to age and experi- 
ence. Applications should be made to the 
Personnel Manager, The General Electric Co. 
Ltd., Brown’s Lane, Allesley, Coventry. Ref. 
RG/B. W 3236 
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SITUATIONS VACANT (Cont'd.) 


The engagement of persons answering these 
udvertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 








ENGINEERS and Engineering Draughtsmen 
for new department. The work is concerned 
with the development and design of high per- 
formance closed-loop systems. Electrical Engin- 
eers for circuit development work on electronic, 
magnetic, and transistor amplifiers as used in 
high performance servo mechanisms and regu- 
lators. A good Degree and experience in this 
field is desirable, but not essential. For the 
more junior positions a Higher National Certifi- 
cate in electrical or electronic engineering is 
satisfactory. Electrical Engineers for control 
circuit design on closed-loop systems employing 
electronic and magnetic amplifiers used in con- 
junction with electric and hydraulic machinery. 
A good general engineering background is 
desirable as these positions include design, co- 
ordination, and the preparation of specifica- 
tions. Qualifications required are engineering 
Degree, and/or corporate membership of the 
Institute of Electrical Engineers, although elec- 
trical engineering Higher National Certificate 
or equivalent is satisfactory for the more junior 
posts. Mechanical Engineers for:— (1) Work 
on design of precision gear boxes in which close 
control of backlash and high mechanical stiff- 
ness is important. (2) Work on design of small 
electro-mechanical devices including sliprings, 
controllers, and small precision gear boxes. (3) 
Work on design of large structures supporting 
rotating masses and electrical control gear and 
associated power drives. The important design 
Parameters are the maintenance of high struc- 
tural stiffness and low weight. Qualifications 
for mechanical engi S are hanical engin- 
eering Degree, and/or corporate membership 
of the Institute of Mechanical Engineers, 
although for more junior posts mechanical 
Higher National Certificate or equivalent would 
be acceptable. Engineering Draughtsmen for 
layout and detail work for duties in connexion 
with the mechanical design of amplifiers and 
control cubicles. Previous experience in this 
field is not essential. Qualifications required 
are Ordinary National Certificate, Higher 
National Certificate or equivalent. Mechanical 
Diagram Draughtsmen for schematic detail and 
cable diagram work on amplifiers and control 
systems. Previous experience on diagram work 
is desirable and technical training should be 
up to Ordinary National Certificate standard, 
but preference will be given to candidates hold- 
ing Higher National Certificates or equivalent 
Mechanical Design Draughtsmen. Men with 
good experience for layout and detail work in 
connexion with design of mechanical structures, 
gear boxes, and _ light electro-mechanical 
devices. Qualifications: Higher National Certi- 
ficate in mechanical engineering or equivalent. 
For junior positions candidates approaching 
Higher National Certificate standard or equiva- 
lent will be considered. All these posts are 
permanent and pensionable. Write for appli- 
cation form to:— The Personnel Manager, 
Metropolitan-Vickers Electrical Co. Ltd., Traf- 
ford Park, Manchester, 17. Mark envelope 
“E27 W 3191 





EXPANSION in the Programme of S.W. 
London Company Manufacturing Industrial 
Instruments and Controls requires Physicists, 
Electrical and Mechanical Engineers for 
development of new ideas in this field. Appli- 
cants to be of graduate status or equivalent 
professional qualifications. Two positions for 
seniors up to £1,500 p.a. Several years’ ex- 
perience of industrial or academic research 
required for these—but several vacancies exist 
for development Engineers having relevant ex- 
perience—salaries up to £1,200 p.a. Applicants 
should -state age and past experience, qualifi- 
cations. To C. Box No. 3252. 


EXPERIENCED Radio Testers and Inspectors 
required for production of communication and 
tadio apparatus. Also Instrument makers, 
wirer and assemblers for Factory Test appara- 
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tus. Apply Personnel Manager, E. K. Cole 
Ltd., Ekco Works, Malmesbury, Wilts. W 146 





ENGINEERS REQUIRED for new and ex- 
panding Research Laboratory in the Surrey/ 
Hampshire Area. The work consists of funda- 
mental studies in a variety of branches of Elec- 
tronics. The posts offer scope for initiative, 
considerable freedom of action and opportuni- 
ties for advancement.- Vacancies exist for the 
following posts:— (1) 1 Senior Engineer to take 
charge of a group studying initially problems of 
Microwaves. (2) 1 Senior Engineer to take 
charge of a group engaged initially in a Mathe- 
matical and Experimental Study of Modulation. 
Applicants, who should be graduates or equiva- 
lent, should have had several years’ experi- 
ence in research or development work, al- 
though not necessarily in the field indicated 
above. Commencing salary, according to quali- 
fications and experience, in the range £800- 
£1-200. (3) 4 Engineers to work in the above 
groups. Applicants should preferably possess 
a degree or H.N.C. and have had some experi- 
ence in Electronic Development. Commencing 
salary according to qualifications and experi- 
ence, in the range of £700-£900. (4) 4 Draughts- 
men to work on the above projects. (5) 3 
Instrument Makers to work on the above pro- 
jects. These positions are permanent and facili- 
ties are available for Company Insurance and 
Superannuation. Please reply, in confidence, 
giving full details of qualifications and experi- 
ence to Box No. W 3112. 


FERRANTI ELECTRONIC COMPUTERS. 
Interesting posts are immediately available in 
connexion with the installation and _post- 
installation service of a new series of electronic 
digital computers. Candidates should possess 
a Degree or Higher National Certificate in 
Electrical Engineering, and be willing to travel 
to any part of the world or to be based any- 
where in this country. Suitable allowances are 
made for expenses. The appointments are to 
the permanent staff of this new and expand- 
ing Ferranti department. The Company 
operates a Staff Pension Scheme. Application 
forms from Mr. T. J. Lunt, Staff Manager, 
Ferranti Ltd., Hollinwood, Lancs Please 
quote reference DCM. W 3239 


FERRANTI LIMITED, Edinburgh. Graduate 
Engineers are required for the design and manu- 
facture of Radar and Fire Control systems. 
The work involves all aspects from system 
study, component and general design and flight 
trials production. The Instrument and Fire 
Control Division particularly require Graduate 
Engineers interested in the design and develop- 
ment of:— Magnetic Amplifiers; Analog Com- 
puters; Electronic Circuits; for these systems. 
Previous experience in this class of work is 
desirable. There are also vacancies for experi- 
enced men with Higher National Certificate, or 
similar qualifications. Apply, giving full par- 
ticulars of academic training and experience, 
auoting Ref. G/I/L, to the Personnel Officer, 
Ferranti Limited, Ferry Road, wee gO 





FERRANTI LIMITED, Edinburgh have vacan- 
cies for additional Junior and Senior Draughts- 
men who are suitably qualified and interested 
in the design of (a) Instruments, (b) Light 
Precision Mechanisms, (c) Electronic Equip- 
ment and (d) Machine Tools. Experience in 
any of the above headings is an advantage. 
but not essential for these vacancies. Apply 
quoting Ref. 23/D.D.0. and give fall details 
of training and experience in chronological 
order to the Personnel Officer, Ferranti Limited, 
Ferry Road, Edinburgh, 5. W 3124 


FOREMAN required for Electronic Company. 
Small batch production of high quality equip- 
ment. Excellent prospects in expanding 
organization for person with ability and drive. 
Rivlin Instruments Ltd., 7a Maitland Park 
Villas, London, .N.W.3. GUL 2960. W 1341 





FERRANTI LIMITED, Edinburgh. Engineers. 
Applications are invited for positions in our 
Production organization which is engaged in 
the manufacture of precision electromechanical/ 
electronic equipment. Applicants should hold 
a Degree or diploma in Electrical Engineering, 
Mechanical Engineering or equivalent, but con- 
sideration will be given to applicants holding 
a H.N.C. in Engineering and who have com- 
pleted an gi ing apprenticeship. The 
vacancies are for:— (A) Engineers to work 
on the application of computer-controlled 
machine tools with reference to the utilization 
of these in a production organization, investi- 
gation into the material handling, setting, jig- 
ging and fixing methods to be employed with 
such machines. (B) Project Engineers to take 
charge of the compiete’ manufacture of com- 
plex electromechanical/electronic equipment— 
experience in production operations is essential 
in this case. (C) Technical Project Engineers 
who do not possess the necessary practical 
experience for (B) but have a flair for produc- 
tion matters and who would act as technical 
assistants to the Project Engineers in the first 
instance with a view to promotion to Project 
Engineers in due course. Salary according to 
age, qualifications and experience. Staff Pen- 
sion Scheme. Ideal working conditions in 
modern factory furnished with the most mod- 
ern equipment. Please address full details of 
technical qualifications, age and experience 
and stating post applied for to the Personnel 
Officer, Ferranti Limited, Ferry Road, Edin- 
burgh, quoting ref.: 23/FE. W 3182 





FOREMAN AND CHARGEHAND required 
with experience of electronic equipment and/or 
light electro-mechanical assemblies. Male and 
female labour. Previous supervisory experience 
essential. Please reply, giving details. Box No. 
W 3164. 


GRADUATE ELECTRONIC ENGINEERS, 
are required by Ferranti Limited, Edinburgh, 
for technical duties related to the production 
of Radar Equipment. Previous Radar experi- 
ence is desirable. Consideration will also be 
iven to non-Graduates with equivalent quali- 
cations and experience. Replies should be 
addressed to the Personnel Officer, Ferranti 
Limited, Ferry Road, Edinburgh 5, quoting 
Ref. E.37/EL. W 3152 


GRADUATE MECHANICAL ENGINEER re- 
quired for design and development of small 
mechanical devices used in conjunction with 
electronic equip . Specialized experience 
not essential. Apply quoting reference JB, to 
Southern Instruments Ltd., Camberley, nal 





G9AED EXPERIMENTAL TELEVISION 
TRANSMITTER. South Norwood. A full-time 
operator is required, capable of locating and 
rectifying circuit and component faults, aca- 
demic qualifications not essential: training 
period given. Applicants should be mobile and 
prepared to move to the Midlands for a short 
period if necessary, after a few months. On 
closing down the transmitter the operator will 
be transferred to the Company’s permanent 
technical _ staff. a (in confidence) 
giving full details of qualifications and experi- 
ence with some indication of salary required 
to The Secretary, Belling & Lee Ltd.. Great 
Cambridge Road, Enfield, Middlesex. W 3176 





HATFIELD INSTRUMENTS LTD., who are 
now expanding their laboratories require senior 
and junior electronic engineers with experience 
in the design and test of high grade Radio and 
Industrial Laboratory Equipment. Apply in 
writing in the first instance stating age, experi- 
ence and salary required to Hatfield Instru- 
ments Ltd., 175 Uxbridge Road, Beawet s 
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SITUATIONS VACANT (Cont'd.) 





The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Noitifica- 
tion of Vacancies Order. 1952. 








HIGH VOLTAGE ENGINEERS and Physicists 
required by the Nelson Research Laboratories, 
The English Electric Co. Ltd., Stafford. Pre- 
ference will be given to applicants with an 
Honours Degree. Salary according to experi- 
ence and qualifications. Apply Dept. C.P.S., 
336/7 Strand, W.C.2, quoting Ref.: 229D. 

W 3179 





HONOURS GRADUATE in physics or elec- 
trical engineering is required to work in a 
laboratory engaged in research and develop- 
ment on frequency control oblems relating 
to communication systems. € position is 
Open to men and women and affords excellent 
opportunities for detailed study of the theore- 
tical and practical aspects of the subject. Living 
accommodation for single or married persons 
can be made available. Box W. R2423, A.K. 
Advg., 212a Shaftesbury Ave., London, W.C.2. 

W 3066 


HONOURS GRADUATES in Physics or Elec- 
trical Engineering are required for advanced 
work in a Quartz Crystal Laboratory. The 
positions offered afford excellent opportunities 
for young men or women to specialize in the 
Study of piezoelectric materials from both the 
theoretical and practical viewpoints. An in- 
terest in mathematics and electronics would 
be an advantage for this work. Living accom- 
modation can be made available to successful 
applicants. Write Box W. Q9365, A. K. 
Advg.. 212a Shaftesbury Avenue, London, 
Wwc2 W 3041 


IMPERIAL CHEMICAL INDUSTRIES Ltd., 
Wilton Works. Draughtsmen. Imperial 
Chemical Industries Limited, Wilton Works, is 
engaged on further extensive developments and 
requires to extend its drawing office staff in all 
categories. The following are required urgently: 
Mechanical Draughtsmen, Instrumentation 
Draughtsmen, Electrical Draughtsmen.  Pre- 
ference will be given to candidates of Higher 
National Certificate standard and with at 
least two years’ Drawing Office experience. 
The Company will train men of this standard 
who are interested in Instrumentation work if 
they lack experience. Appointments are to 
Permanent staff and superannuated. Five-day/ 
36-hour week. Recreation Club, etc. Housing 
assistance possible in approved cases. Write 
for application for employment form to Staff 
Officer, Imp2rial Chemical Industries Limited, 
Wilton Works, Middlesbrough, quoting advert- 
isement reference ICI/X/215/r. W 3159 


INSPECTOR required for small batch produc- 
tion of Electronic Equipment. Adequate techni- 
cal knowledge and ability to work with mini- 
mum supervision. Excellent prospects for right 
person in expanding company. Rivlin Instru- 
ments Ltd., 7a Maitland Park Villas, London, 
N.W.3. GUL 2960. W 1344 


INSTALLATION ENGINEER required by well- 
known manufacturers of mobile and fixed 
V.H.F. communications equipment. Excellent 
opportunities for advancement. Sound know- 
ledge and experience necessary. Write giving 
full particulars to Sales Manager, British Com- 
munications Corporation Ltd., Exhibition 
Grounds, Wembley. W 3171 


INTERMEDIATE & SENIOR DRAUGHTS- 
MEN (24-30) required for Production Drawing 
Office. Applicants should have good mechani- 
cal background, together with some electronic 
knowledge. O.N.C. standard preferred. Appli- 
cations in writing may be made in the strictest 
confidence to Personnel Manager, Kelvin 

Hughes Ltd., New North Road, Barkingside. 
Ilford, Essex. W 3078 
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MANAGER REQUIRED for unit of a well- 
established Engineering Company engaged in 
large scale production of Radio and Television. 
The successful candidate will have a specialized 
knowledge of this class of work and will be 
capable of advising and supervising the Design 
Laboratories, Tool Design, Planning, and 
Machine and Assembly departments. This vac- 
ancy offers ample scope and opportunity to a 
man with high administrative ability. Salary up 
to £2,500 per annum. London Area. Please 
reply, in confidence, giving full details to Box 
No, W 3102. 





McMICHAEL RADIO LTD., Slough, Bucks, 
have vacancies from time to time for Electronic 
Engineers to be engaged on Government pro- 
jects. Those wishing to be considered are 
invited to write fully to the Chief Engineer, 
Equipment Division. W 205 





MULLARD RESEARCH LABORATORIES 
invites applications from Honours Graduates 
to carry out research and development on 
the application of new magnetic materials to 
computers. Initial'y, the work will be con- 
cerned with digital storage and information- 
handling devices incorporating ferrite cores. 
Post-graduate experience in either computer 
techniques, transistors or magnetic devices 
would be an advantage. The work calls for a 
high degree of individual responsibility and 
there is great scope for initiative and inventive- 
ness. Publication of results will be encouraged. 
Salaries are based on qualifications, experience 
and age, and are in keeping with present-day 
levels. General prospects within the organi- 
zation are excellent. Applications to Mr. G. A. 
Taylor, Personnel Manager, Mullard Research 
Laboratories, Cross Oak Lane, Salfords, near 
Redhill, Surrey, quoting reference E.R.L. 
W 3188 


MURPHY RADIO LIMITED have vacancies 
in the Electronics Division Laboratories for 
qualified engineers to design and develop the 
following:— 1. V.H.F. and Communi- 
cations equipment. 2. Airborne and Ground 
radar equipment. 3. Computing devices and 
servo systems. 4. Nucleonic equipment and 
measuring instruments. 5. Transistors. The 
salary range is £600—£1,000 per annum 
depending bs es experience. Further 
posts are available to engineers of H.N.C. 
Standard or equivalent having less experience, 
the salary range being £450—£650 per annum. 
These vacancies are at Welwyn Garden City 
but one or two vacancies of a similar nature 
are available at the Ruislip Works. Applica- 
tions, giving age, full details of qualifications, 
experience and salary required, should be 
forwarded to Personnel Department, Murphy 
Radio Ltd., Welwyn Garden City. W 3015 


PHYSICIST or Physical Chemist required to 
control a process for the manufacture of 
carbon resistances. Candidates should be 
qualified up to degree standard and should 
preferably have had experience in the carbon 
black, synthetic resin, or electronic industries. 
The salary is in the range of £900-£1,200 per 
annum. Apply to the Plessey Company 
Limited, Caswell, Towcester, canes 34 


PLANNING ENGINEER required for Elec- 
tronics Division. Must be experienced in the 
production of radar, electronics and nucleonic 
apparatus and able to take responsibility for 
assembly line and plant lay-out. Apply stat- 
ing age, qualifications and experience to 
Personnel Manager, E. K. Cole Ltd., South- 
end-on-Sea. W 3254 


PYE LIMITED, Radio Works, Cambridge. 
invites applications for positions as Technical 
Authors and Illustrators for the compilance of 
Maintenance Handbooks dealing with radio 
equipment. Applicants must possess command 
of English and some technical knowledge. 
Applications in writing to Assistant Personnel 
Officer. W 3232 











PHYSICISTS required for applied research on 
the microwave properties of ferrites at a 
laboratory pleasantly situated in Northampton- 
shire. Applicants should have an Honours 
Degree in Physics. Previous experience of 
microwave techniques an advantage but not 
essential. Box No. W 3140. 


PYE TELECOMMUNICATIONS Ltd., Ditton 
Works, Cambridge, offer excellent opportunities 
for junior and senior Development Engineers 
in the electronics and communications field. 
Duties include development work on H.F., 
V.H.F., microwace and recording equipments. 
Applications are especially welcomed from 
persons possessing B.Sc., Higher National or 
Ordinary National Certificates. Good facilities 
are available, however, to keen young men wish- 
ing to train and study in these fields. Pleasant 
working conditions in modern factory. Single 
accommodation available. Write, giving fullest 
details to Personnel Manager. W 3144 


PRODUCTION ENGINEER required by a 
large engineering organization situated in 
Southern England. Applications are invited 
from men with appropriate engineering quali- 
fications and experience in “the Electronic 
Engineering fields. The successful candidate 
will have extensive experience of administra- 
tion, tool design, estimating and time and 
motion study, and will be acquainted with the 
most up-to-date — methods and tech- 
niques. He will have experience of small 
batch production of electronic equipment. and/ 
or light electro-mechanical precision instru- 
ments. For a man with the required quailifi- 
cations, initiative and drive this vacancy pro- 
vides excellent propects in a rapidly expand- 
ing organization. Please write, in strictest 
confidence, giving full details of experience, 
to Box No. W 3163. : 


PRODUCTION ENGINEER required for pro- 
duction of miniature electronic components 
and test gear. Ardente Ltd., 62 Hom bee 


Acton, W.3. 


UALIFIED PHYSICISTS and Radar En- 
gineers required to study problems involving 
microwave propagation in conjunction with 
newly-developed materials. Previous radar ex- 
perience essential. Box No. W 3142. 


RADAR DEVELOPMENT. Engineers required 
for Research Laboratories situated at Dun- 
mow, Essex. The work is of an_ interesting 
and varied nature concerning sea and air navi- 
gational projects and involves occasional trials. 
Recent experience in a similar or associated 
field of electronics is required, together with a 
technical background, preferably of at least 


_ Higher National Certificate standard. Salaries 


are in accordance with experience and qualifi- 
cations but are based on a generous scale. The 
positions are permanent and favourable pen- 
sion and payment during illness arrangements, 
etc. are in operation. There is ample scope 
within an expanding organization for personnel 
who are progressive and able to use their own 
initiative. Applications, which can be made in 
strict confidence, should include details of age, 
qualifications, experience and salary required, 
and be addressed to The Personnel Manager, 
Kelvin & Hughes Ltd., New North eed 
Barkingside, Essex. Wi 





RTSC LABORATORIES. The joint research 
organization of Richard Thomas & Baldwins 
Ltd., and the Steel Company of Wales Ltd., 
invite applications for the following vacancy. 
Physics Department. Physicist for _ Tesearch 
work involving the application of physical tech- 
niques to the metallurgical problems of flat- 
rolled products. Some previous experience of 
industrial research in electrical measurements, 
instrumentation and electronics desirable. 
Applicants for the above post should be of 
degree or equivalent standard with some previ- 
ous experience in the appropriate field. Appli- 
cants of lower academic standing with adequate 
previous experience will also be considered. 
The commencing salary will be in the range of 
£550-£800, depending on the qualifications, 
age and experience of the successful applicant. 
Inquiries should be addressed to the Director 
of Research, RTSC Laboratories, Whitchurch. 
Aylesbury, Bucks. W 1339 
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SITUATIONS VACANT (Cont'd.) 





The engagement of persons answering these 
advertisements must be made through a 

Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 

tion of Vacancies Order, 1952. 





SCIENCE GRADUATE or equivalent required 

for development work on dielectrics. Know- 

ledge of one or more of the following an 

istical methods, polymers, elec- 

trical measurements, insulating materials. Very 
ood prospects and conditions of 

en interested to visit the works should write 


appointment. Ti 
Ltd., Sevenoaks 
Orpington 26611. 


SENIOR AND JUNIOR design draughtsmen 
required for wo Nae in connexion 
with electronic ae it, commercial radio 
and me ay 7 and/or light electro-mechanical 
ones . London area. The positions vacant 
offer new a scope and opportunity for Pegs 
advancement to men of good ability. 

salary will be paid to the selected FB 
AR seeepeene Fy! partes —-. “4 
reply, giving etai experience to 

No. W 3008. 





one Manufacturing Co. 
ay, St. Mary Cray, Je 





SENIOR DRAUGHTSMEN. Due to expansion 
of the Electronics Division of the Plessey Com- 
pany Limited there are several vacancies for 
experienced men in the following fields: 1. 
Design of a wide range of electronic equip- 
ment, including work to Service requirements. 
2. Mechanical design of precision mechan- 
isms for quantity production. These vacancies 
carry attractive salaries and long term pros- 
pects in reward for hard work and offer good 
staff conditions including superannuation and 
insurance schemes. Applications, which will be 
treated in confidence, should be addressed to: 
The Plessey Company Limited, Vicarage Lane, 
Ilford, Essex. W 3052 





SENIOR ELECTRONIC ENGINEER required 
for a new development ancillary to the com- 
mercial use of large scale electronic es, 
in the Leo products of J. Lyons & Company 
Ltd. The starting salary will be in the range 
of £800 to £1,000 p.a. according to qualifica- 
tions and experience. Write giving full details 
to Control Office, Cadby Hall, London, w snes 





SENIOR ENGINEERS are required by The 
English Electric Co. Ltd., at Luton, to devise 
equipment and/or direct activities to investi- 
gate the effects of vibration, and other environ- 
mental conditions on Guided Weapons. Ex- 
perience in this field is unnecessary but appli- 
cants should possess a Degree or H.N.C. and 
referably have had some experience in ‘the 
ronic Industry. Housing assistance can be 
given if required. Please write wy a og 
qualifications and experience to Dept P 
336/7 Strand, W.C.2, quoting Ref. a 216 








SENIOR METHODS ENGINEER required by 
a large and progressive Engineeri Company 
situated in the London Area. A tions are 
invited from men with good engineering quali- 
fications and experience in the manufacture of 
Radio, Television and Services Equipment. The 
accepted candidate will have extensive experi- 
ence of this class of work and will be ac- 
quainted with the most up-to-date production 
methods, including work study and standard 
costs. For a man with the required knowledge. 
initiative and drive, this vaca provides excel- 
lent prospects. Salary range £800-£1,500 
Pa annum. Please reply, in confidence, giving 

5 a of previous experience to Box No. 





ELECTRONIC ENGINEERING 


SENIOR SALES ENGINEER required by Tele- 
phone Manf. Co. Ltd.. Martell Road, West 
Dulwich, London, S.E.21, with a minimum of 
10 years qualified experience. Must have com- 
prehensive knowledge of the use of polarized 
relays in the telecommunications, servo mech- 
anisms, electronic circuits and allied applica- 
tions. Pension and Staff Bo Bonus Schemes after 
qualifying period. Write giving full particulars 
to Personnel Dept. W 3187 


SENIOR TECHNICAL SALES REPRESENTA- 
TIVE with British Communications Corpora- 
tion Ltd., Exhibition Grounds, Wembley. A 
new appointment to meet expanding commercial 
activities. Applicants — should ave sound 
general knowledge of F. communications 
equipment and have sales experience in this 
field. Some administrative skill also desirable. 
Write giving full personal history to the Sales 
Manager. W 3169 





SENIOR TOOL DESIGN DRAUGHTSMEN. 
Applications are invited from Tool Design 
Draughtsmen who have served an engineering 
apprenticeship and have had at least five 
years’ experience of Jigs and fixtures as applic- 
able to the light mechanical engineering 
industry. The work is of an interesting nature, 
together with modern working conditions and 
Offers excellent scope for advancement. Salary 
up to £700 per annum. London area. Please 
reply, od full details of experience to Box 
[e) 5 





SIEMENS BROTHERS & CO. LTD., require 
technicians for their Research Laboratories at 
Blackheath S.E.3, engaged in work on elec- 
tronics and telecommunications. Pensionable 
staff posts with good prospects of advancement. 
Apply = =) to Siemens Brothers & Co. 
Ltd., Ref. 744/12, Woolwich, S.E.18, oe 
particulars i a qualifications, training. 
experience and sa ary required. W 3047 


SMITHS AIRCRAFT INSTRUMENTS _have 
vacancies at Cheltenham for 2 Senior Engin- 
eers in their Engine Controls Laboratory for 
research and development on Gas Turbine elec- 
trical servo control equipment. Applicants, 
who should have a " 
A.M.I.Mech.E., A.M.I.E.E., MER ACS or 
similar qualifications, must be capable of iead- 
ing a small ‘or 4 and have experience in, and 


a knowledge one of the following: (a) 
Theoretical “and/or Bisons aspects of servo 
mechanisms. (c) Magnetic 
amplifiers. These, are permanent. and 


salaries will be wi “he range £1.000-£1,500. 
A Pension Seer is available. Applications 
should be made to the Ne rr ea Manager, S. 
Smith & Sons (England) Ltd., Bishops Cleeve. 
i 1 quoting ref.: 56/EN. W 1322 


SYSTEM TEST ENGINEER. An electronic 
engineer is required to assist in final tests on 
= of a missile system. Some theoretical 

owledge useful but several years’ practical 
experience necessa’ x-Service wireless or 
radar technician with National Certificate of 
City and Guilds would be porns. (Ref. 153). 
Write in detail, quoting No. to:— The 
Personnel Manager (Technical Employment), de 
Havilland Propellers Ltd., Hatfield, .— 


TECHNICAL ASSISTANTS required for 
development of eosemebeniod and elec- 
— instruments (Marine). em a 
initial experiments, sea-go’ als, pre-produc- 
tion models and factory > Occasional 
visits Overseas are pao Mey Qualifications— 
Practical: 5 years’ Workshop or Drawing Office 
experience. Academic: City & Guilds Tele- 
communications Finals Group Certificate, or 
equivalent. Applications, Stating salary re- 
quired, should be — ressed to the Personnel 
Manager, Kelvin & Hughes Lid, ae .8 North 
Road, Barkingside, Essex. W 3077 


TEST ENGINEERS are required by a gee 
Midlands Manufacturer ha (1) rest 

Fault Finding on Radar Units fa other 
Electronic Devices. (2) Construction and main- 
tenance of Test Equipment. (3) Testing and 
Fault Finding on ~~ Radio and Tele- 
vision Receivers. Progressive positions 
cover a wide range ~ activities and selection 
will be made not only on experience but 
also on ability to respond to further training. 
Ex-Service technicians are Rif suitable. 
Applicants should es gi details of career 
to date "eR Ew rob no iy to the Personnel 
Manager. GLB). B , Box No. W 3036. 
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TECHNICAL AUTHORS and Technical Iilus- 
trators are required for work on publications 
describing electronic and electrical instruments. 
Applicants must have had suitable experience 
in preparation of instrument manuals and in 
knowledge of .B. requirements. Apply 
Personnel Manager, Smiths Aircraft Instruments 
Ltd., Bishops Cleeve, Near Cheltenham, 
Gloucester, po reference 58/EN. W 3183 





TECHNICAL WRITERS. A well-known 
electronic and_ aircraft servo manufacturer 
located in the West London area invites appli- 
cations from experienced Technical Writers for 
positions in the Engineering Division of the 
Company. The work would involve the com- 
pilation of technical instruction and mainten- 
ance manuals covering a wide range of equip- 
ment. Primary qualifications would include a 
good engineering background in the field of 
electronics and a marked ability to write clear 
and essentially readable technical information. 
Some knowledge of the requirements for 
Service documentation would be an advantage. 
The appointments are of an interesting nature 
and offer permanent employment with good 
working conditions. A pension scheme is in 
operation. Write, giving full details of experi- 
er indicating salary required, to Box No. 


TEST GEAR Design Engineers and Mainten- 
ance Engineers required with practical experi- 
ence of this class of work, based on sound 
knowledge of electronic principles. These vac- 
ancies are permanent and Progressive. A 
company pension scheme in operation. London 
area. Please write, in eceserees, eis full 
details of qualifications to Box N 





THE BRITISH THOMSON-HOUSTON Co. 
Ltd., Leicester. Vacancies exist in the Electronics 
Engineering Department at the Blackbird Road 
(Radar) Factory for Engineers as follows:— }. 
Senior Engineer with at least 4 years’ experi- 
ence in engineering for production. 2. Junior 
Engineers for work as above; training will be 
provided in development/design/factory liaison 
work for junior engineers interested in this 
class of work, and with suitable qualifications. 
Applications stating age and giving details of 
experience and qualifications to:— The Mana- 
ger, Electronics Engineering Dept., British 
Thomson-Houston Co. Ltd., Rugby. W 3155 





THE BRITISH THOMSON-HOUSTON CO. 
LTD., Rugby. Because of expanding commit- 
ments, the company wishes to increase its 
development Engineerin staff engaged on 
Radar and associated fields of activity. Re- 
quirements:— (a) One senior engineer fof 
each of the projects enumerated below. 
Qualifications:— Graduate or equivalent 
status with several years’ ex erience. (b) 
Junior engineers, graduate or H.N.C. prefer- 
ably with some relevant experience, for whom 
training will be provided where appropriate. 
1. Comp!ex microwave systems involving the 
use of new types of m. ves and circuit ele- 
ments. 2. Microwave component develop- 
ments, with special reference to novel 

niques of ee, 3. Microwave aerial 
and feed 5 a High power pulse 
enerating. ecineitane frequency ampli- 
ers, switches, and special circuit develop- 
ments. 6. Circuit and system development 
associated with display and data extraction 
systems. Mechanical Engineer. A qualified 
mechanical engineer is also required, for 
development/design of large precision mech- 
anical structures in connexion with new types 
of ground radar. Experience with gear-drive 
is _ desirable. Applications stating age and 
giving details of experience and qualifi ications 
to:— The Manager, Electronic Engineering 
Department, The British Thomson-Houston 
Co. Ltd., Rugby. W 3167 
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SITUATIONS VACANT (Cont'd.) 





The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 





THE BRITISH THOMSON-HOUSTON Co. 
Ltd., require a Physicist or an _ Electrical 
Engineer in their research laboratory at Rugby 
for work connected with the development of 
new types of electric lamp. In addition to the 
determination of the Physical design and 
measurement of electrical and optical charac- 
teristics, the work involves the development of 
the associated circuitry which is often of special 
nature. Applicants are invited to send particu- 
lars of their qualifications to the Director of 
Research, British Thomson-Houston Co. Ltd., 
Rugby, quoting reference BE. W 3114 


THE BRITISH THOMSON-HOUSTON Co. 
Ltd., require graduate engineers and Physicists 
for the design construction and processing 
— of magnetron and other electronic 
valve developments. The work is carried out 
in close association with a small machine shop 
and pilot production unit and every encourag- 
ment is given to the development of new ideas. 
It is work in which both practical and theoreti- 
cal interests are desired. Applicants should write 
to the Director of Research, British Thomson- 
Houston Company Ltd., Rugby, giving their 
age, qualifications and experience and quote 
reference FT. W 3115 


THE GENERAL ELECTRIC CO. LTD., 
Brown’s Lane, Allesley, Coventry, requires 
Mechanical Development Engineers, Designer- 
Draughtsmen and Draughtsmen, preferably with 
experience of Radar type equipments for work 
on Guided Weapons and like projects. 

required, Senior and Junior Electronic Develop- 
ment Engineers, particularly in the field of 
Microwave and Pulse Applications. Salary 
according to age, qualifications and experience. 
Apply by letter stating age and experience to 
the Personnel Manager. Ref. RG. W 208 








THE BRITISH THOMSON-HOUSTON CO. 
LTD., Rugby. The following vacancies exist 
for development engineers in the field of 
industrial Electronics and related work, con- 
cerning application of modern methods of 
control to industrial processes. In each divi- 
sion enumerated below a senior engineer is 
required of graduate status with several years’ 
experience. Suitable Junior engineers with at 
least H.N.C. or equivalent qualification, with 
some industrial experience will be considered 
for training. The company has a wide back- 
ground in this field together with many com- 
mercial! electronic projects allied with the 
heavy engineering business of the B.T.H. 
Company. 1. __Electronic-Motor Control: 
Development and application engineering of 
Electronics for the control of. rotating mach- 
inery, for a variety of Industrial drives: viz. 
Machine-tools, textile machinery, printing 
Presses. paper-making, etc. 2. Magnetic 
Amplifiers: Development and application of 
these and related non-linear ferromagnetic 
devices. 3. Servo Systems: Development of 
servos mainly of Power Ratings for military 
and industrial applications. 4. Factory Auto- 
mation: Development of co-ordinated schemes 
of automatic control for machine-tools and 
other factory equipment. 5. Welding Control: 
Engineering and development of electronic 
control apparatus for resistance welding. Appli- 
cation Engineering associated with the fore- 
going. 6. Industrial Communication Equip- 
ment: Development and circuit design of audio 
and carrier types of apparatus. Project and 
field engineering of comprehensive Industrial 
communication systems. While knowledge of 
of electronic control 1s desirable, applications 
are invited from engineers with application 
experience, not necessarily electronic, in 
connexion with 1, 3, 4 and 5 above. Applica- 
tions stating age and giving details of experi- 
eace and qualifications to:— The Manager, 
Electronic Engineering Department, British 
Thomson-Houston Co. Ltd., Rugby. W 3168 


THE BRITISH THOMSON-HOUSTON Co. 
Ltd., has a vacancy in its Research Laboratory 
at Rugby for a qualified Electrical Engineer or 
Physicist for work on radio interference prob- 
lems. The work covers investigation of the 
mechanism, measurement and suppression of 
radio interference over a wide and interesting 
range of sources. Applicants should write to 
the Director of Research, British Thomson- 
Houston Co, Ltd., giving their age and quali- 
fications, and quoting the reference RIS. W 3199 


THE G.E.C. STANMORE LABORATORIES 
invite applications for the following vacancies: 
1. Circuit engineers to fill several vacancies 
in our engineering development Laboratories. 
The group is responsible for developing pro- 
duction prototype models of equipment for the 
services, including items such as: I.F. Ampli- 
fiers, Video Amplifiers, Pulse Manipulating 
Circuits. D.C. Amplifiers, Magnetic Ampli- 
fiers, Power Packs. (Ref. EE/MW.1). 2. 
Microwave Engineers for work on transmitter 
receiver equipment for guided weapons. The 
vacancies are in laboratory teams engaged on 
engineering development for production. 
(Ref. EE/MW.2). All the above posts are 
for experienced engineers. There are, how- 
ever, a limited number of vacancies for men 
who are studying for H.N.C. or equivalent 
qualification. 3. Trials Staff for several posts 
at levels appropriate to H.N.C. and Honours 
Degree standard for work on Radar Type 
Equipment. In some cases an ability to carry 
out theoretical assessment would be an advan- 
tage. Some interest in flying and aircraft is 
desirable. Service qualifications of appropriate 
standard considered. (Ref. EE/JMCP.1). 

Engineers to fill vacancies in a recently formed 
Special Development Section working on: (a) 
Electronic Equipment Design AR/BAT.1/EE. 
(b) Light Electro Mechanical and Hydraulic 
Servo Development AR/BAT.2/EE (c) 
General Radar Electronic Development 
AR/BAT.3/EE. Applicants for Senior Posts 
should have a sound electrical or mechanical 
background preferably with academic qualifi- 
cations in Electrical/Mechanical Engineering or 
Physics. and those for Junior Posts should have 
obtained H.N.C. Electrical. 5. Experienced 
Physicist and/or Electrical Engineer to work 
on Circuitry and servo design aspects of Radar 
Equipment. (Ref. EE/SM). Please apply in 
writing to the Staff Manager, G.E.C. Stanmore 
Laboratories, The Grove, Stanmore, Middlesex, 
quoting the appropriate reference a ae 


THE MULLARD RADIO VALVE CO, LTD. 
has a number of vacancies for Electrical 
Engineers or Physicists to undertake Applied 
Research Work in the applications of transistors 
and kindred devices. e field offers oppor- 
tunities for original work and at times requires 
considerable ingenuity. Further advanced 
studies and publication of results is encouraged. 
It is intended that the yom will eventually 
carry considerable technical responsibility in an 
expanding organization. For this reason appli- 
cants should possess a good Honours degree 
and some previous experience or, alternatively, 
a real interest in electronics would be an 
advantage. Commencing salary will be accord- 
ing to individual qualifications and experience 
and will provide progressive remuneration for 
increased responsibilities. Applications in writ- 
ing, which will be treated in confidence, should 
he addressed to Personnel Officer, The Mullard 
Radio Valve Co. Ltd.. New Road. Mitcham 
Junction, Surrey, quoting ref.: a 


THE TELEGRAPH CONDENSER CO. LTD., 
invite applications from Engineers fully experi- 
enced in Radio and Television design to assist 
Chief Development Engineer in development of 
printed circuits. Qualifications at least to 
A.M.LE.E. standard. This position offers 
scope for the right man who must be capable 
of initiating and following projects to finality, 
including contact with customers. Superannua- 
tion scheme. Write giving full details of quali- 
fications and experience. age and salary re- 
quired, to Personnel Manager, T.C.C. Ltd., 
North Acton, W.3. W 2932 


THE TELEGRAPH CONDENSER CO. LTD., 
require Radio and TV Engineer with labora- 
tory experience for work in connexion with 
printed circuits. H.N.C. standard. Superannua- 
tion scheme. Write giving full details of edu- 
cation and experience, age and salary required 
to Personnel Manager, T.C.C. Ltd., North 
Acton, W.3. W 2933 


URGENTLY REQUIRED single young men as 
Electronic Wiremen, assemblers and _ fitters, 
a'so Junior and ‘Senior Test Engineers in con- 
nexion with Television Cameras and ancillary 
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bridge. 


Office, Dept. 24, Pye Ltd., Radio Works, Cam- 
d W 3145 





VICKERS-ARMSTRONGS Ltd., (Aircraft 
Division) require for their Guided Weapon 
development department: (d) Technical writer 
(electronic) for compiling publications on 
Guided Weapons. Applicants should have a 
sound electronic and preferably also mechanical 
background together with the ability to write 
concise English. This is a new post offering 
good prospects. Applications, which will be 
treated in confidence, should state age, quali- 
fications and experience. Applications, quot- 
ing date and prefix letter of advertisement, to: 
Employment Manager, Vickers-Armstrongs 
Limited (Aircraft Division), Weybridge Works, 
Weybridge, Surrey. Weybridge is 30 minutes 
from London on the main Waterloo/Portsmouth 
line. Additional buses operate to and from the 
Works at starting and finishing times. Can- 
teen facilities. Applicants should be in a posi- 
tion to arrange their own housing accommo- 
dation. Assistance can only be given with 
individual lodgings. W 3189 


YOUNG MEN required for assembly, wiring 
and testing of Electronic apparatus. Some ex- 
perience with scientific instruments an advan- 
tage. Technical School education. Must have 
completed National Service. Pension scheme, 
five-day week, canteen. Camden Town district. 
Salary according to age and experience. Please 
wrens age and experience, to Box No. 





Further “ Situations Vacant’’ advertisements 
appear in display form on pages 81,98, 106. 
108, 115, 116, 129, 132, 137 and 139. 








WANTED 
COPIES of Electronic saainoeting published 
before October 1954. Box No. 3224. 
WANTED high speed double beam oscillo- 
ag oe Price and full details to Box No. 








BUSINESS OPPORTUNITIES 





ELECTRONIC ENGINEERING 





FUNDS AVAILABLE for investment in sound 
— manufacturing concerns, having scope 
or development. Steady profit record essen- 
tial, preferably exceedin 0,000 per annum, 
as well as ensured continuity of Management. 
Suitable opportunity for industrialists wishing 
to realize funds without discontinuing active 
direction of company’s affairs. Well-known 
Merchant Bank acting for investment trusts will 
deal with pro Is in strictest confidence. 
Write Box MA/69, c/o 95 mitieitas fT 





SERVICE 


ANY ELECTRONIC MS perfectly typed (or 

duplicated) by enthusiast of experience with 

si typewriter. 25 Valkyrie Road, wee, 
i 


eshire. 
CAPACITY AVAILABLE. Substantial Com- 
y can offer the following capacity. Press— 
ingle and Double Action up to 120 tons. 
Press is sg by modern and 
efficient toolroom. Plating—Nickel, Chrome, 
Cadmium, Tin, Zinc, etc. Prompt service and 
regular deliveries. Box No. W 3071. 
IMMEDIATE CAPACITY available for coil, 
armature and stator winding, assembling and 
wiring of control panels. Electric Windings 
(London) Ltd., 2a “Whites Row, Spitalfields, 
London, E.1. Phone: Bishopsgate 3149. 
W 1342 
LARGE, modern, fully equipped, old estab- 
lished and expanding Engineering and Elec- 
tronic Engineerin: actory, A.I. approved 
(Public Company) has capacity for new 
developments and current productions in radio 
and television. Manufacturing, assembly, sub- 
assembly, wiring, etc., — and parts. 
From prototype to finished pr uct. Write in 
confidence to Box No. W 3237. 
PRESSINGS IN ALL METALS up to 60 tons. 
Press tools manufactured in our own tool-room. 
Light assemblies — Domestic, Electrical and 
mechanical. All finishes. A.D. and A.R.B. 
approved. Advice and Estimates given free. 
Inquiries to Metal Components Ltd., Dolphin 
oad, Shoreham-by-Sea, Sussex. Te 
Shoreham 2224/5. 129; 











SERVOMEX 


D.C. VOLTAGE STABILISERS 


LOW VOLTAGE — HIGH CURRENT 


















D.C.38. 2°5 amp. . D.C.3. 7 amp. 





Now 
reduced 
10% 


in price 








Increased demand 
for this machine 
has enabled us to 
step up produc- 
tion and reduce 
the price by 10% 
in spite of ever 
increasing costs. 





Output I-15 volts at 0-2.5 amps. Stability Output I-30 volts, at o-7 amps. The steady- 
is +5 mV for load and mains changes. state stability is --25 mV for load and mains 
Ripple is less than 3 mV R.M.S. Time of changes. Rectifier ripple less than 0.05% 
response is 1 mSec., for small errors. peak. Time of response is about 200 mSec., 


for small errors. 


Descriptive Leaflets on request. 





SERVOMEX CONTROLS LIMITED - CROWBOROUGH HILL : JARVIS 
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Elechtical Contiol Jostuuments 





SERVOMEX 





A.C. VOLTAGE STABILISERS 
A.C.2. 10 amp. ° A.C.7. 30 amp. 


FOR THE MOST EXACTING WORK 





These Stabilisers both employ a continuous servo with velocity feedback. They are 
insensitive to change of frequency—load power factor—temperature—supply wave- 
form. They are unaffected by vibration and bumping, and have excellent long-term 
stability. Other important features are :— 


1. Output continuously variable. 5. Very wide range of correction 
2. Zero distortion. (The A.C.7. covers minus 20%, to 
3. Metered for current and voltage. plus 10%). 

4. Large power. Send for data sheet. 


BROOK - SUSSEX + TELEPHONE CROWBOROUGH 1247 


4 


JUNE .1955 15 ELECTRONIC ENGINEERING 











NO. 2 IN A SERIES 


Royce Ltd., a name itself synonymous with quality 


i 
: 
i 
j 
study ta reliability, has standardised on Pullin 
i 
t 
: 
f 
i 


Renowned for their accuracy and reliability Pullin 
instruments are employed for a wide 
variety of purposes in research and testing. The 


Vibration Department of Messrs. Rolls 


meters. The illustration shows a panel, incorporat- 
f ing Pullin instruments, used in the study of 


vibration 


the vibration of engines both on test beds and 


in flight. 


PHOTOGRAPH BY COURTESY OF ROLLS ROYCE LTD. 





MEASURING INSTRUMENTS (PULLIN) LTD ELECTRIN WORKS, WINCHESTER STREET, ACTON, LONDON W.3. TEL.: ACORN 4651 
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Pie 


stands for... 


many things besides Military Policeman or 
Member of Parliament ! 


There’s MODERN PLANT, of course (found throughout our factory) 
... and More PREcIsION which our skilled specialists can provide 
... and MAXIMUM PRODUCTION 

at a MINIMUM PRICE. 


In any difficulty concerning the design or manufacture of 
Thermo-setting plastic components, make sure you get in touch 
with the specialists—and lose no valuable production time ! 


<is180_ZIN¢ 
oy Xo 
: Zz A 
Write or ring 





Re castE®® 


TROPOLITAN 
LASTICS LTD 


’Phone: TIDEWAY 1172-3 
GLENVILLE GROVE - DEPTFORD - LONDON S.E.8 


A.1.D. Approved Factory 
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ABRIDGED SPECIFICATION 


1, Input Triggering 
Either (a) positive or negative pulses or sine waves. 
Trigger sensitivity approx. 10V peak. Or: 
(b) internal trigger generation, continuously variable 
from 10 c/s to 100 Kc/s 
The above facilities are selected by a 3-position switch. 


2. Output 
quare topped + ve or --ve pulses, direct or A.C. coupled. 
Output from D.C. terminal arranged such that most 
positive portion of the waveform is at earth potential. ;_; 


3. Voltage Range 
(a) Direct or A.C. coupled :—0°1 to 51 volts switched, 
plus a continuously variable 0 to 0°1 volts. Incremental 
accuracy +2%. Absolute accuracy +5%. 






























































(b) Aaenannea. andA.C. coupled:—0°1 to 11 volts switched, : 
plus a contiouously variable 0 to 0'1 volt. Attenuation by A new general purpose Pulse Generator, featuring 
factors 1 and 1 giving switched amplitude ; . . H . 
range of 100 micro-volts to i:1 volts plus variable control. a decade amplitude control with high incremental 
Incremental accuracy +3%. Absolute accuracy +5%. accuracy. This instrument is particularly useful 
4. Duration for testing sensitive pulse amplitude discrimina- 
oat yariabl sr sicecaateleaaee tors as used in the field of nuclear particle 
5. Output Impedance counting, or in any application where a stable 
i) Diet ant 4. consid 220 per veleter voltonss Output Is required. 
above | volt. Less than 220 for voltages less than | volt. - . 
(b) Attenuated A.C. coupled output. Operation is from 200-250V or 110-125V, 
Output Impedance ad ~ i 
“= — 40-60 c/s supplies. 
+ 100 2200 
+ 1000 224+ 


6. C.R.O. Trigger 
A pulse coincident with the leading edge of the output 
pulse is available for the triggering of a monitoring 
oscilloscope. : : ELECTRONIC NUCLEONIC 
Amplitude 16V —ve. Duration 2 micro-secs. 








% 
YS tayo 





Further details concerning the Type 104A and other instruments available on application 


ERICSSON TELEPHONES LTD 


Head Office: 22 LINCOLN’S INN FIELDS, LONDON, W.C.2. Works: BEESTON, NOTTINGHAM 
Telephone : Holborn 6936 Telephone: Nottingham 254831 


27 


ELECTRONIC ENGINEERING 18 JUNE 1955 














ee Hed 


—for Smaller Production 
Quantities 









SHEET AREA UP TO 28° x 40 


Type RA-41P 
TURRET PUNCH PRESSES 


. give lower production costs 
—than by any other method 


The RA-41P combines the versatility, accuracy and 
high speed of the pantograph for rapid hole location, with 
the time saving features of the WIEDEMANN Turret 
Punch Press for quick punch and die selection. Up to 





20 low cost punches can be set up in the turret ready for OUTPUT—I0 PER HOUR 
: instant use. 
Maximum sheet size ... eat ave vee 28 in. x 40 in. ALL OPENINGS PIERCED 
i ee ee meen IN TIMES SHOWN 
Capacity ay sab ref =e a eo 15 tons 2 
Punching Capacity... 3° diameter in .074° thick Mild Steet 7 WIEDEMANN range includes small 
oY ms .H epee ». hand-operated models up to large power- 
ak ee operated machines of 80 tons capacity, capable 


| Strokes per minute ... 0... sess assess «ITS sf Piercing 6” holes in 3° plate. 


Write to Sales Department for detailed Catalogue 


DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 


Telephone WESTERN 8077 (8 lines) Telegrams: ACCURATOOL HAMMER LONDON 
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Renovating the zine protective 
coating of a propeller blade 
an site at Air France 


Eleetrodeposition 


Characteristics of Dalic Deposits 





cones The DALIC PROCESS of 
Brinell deposit | Electrodeposition provides a wide 
Deposit | eee o.oo in. | range of coatings on to most 
basis materials, including alu- 
Bismuth 30 76 | minium. It is particularly 
Cadmium ned 25 | suitable for plating selected 
Chromium}. 600 & areas without stopping-off, 
Cobalt 250 76 |for on-site work, and for 
Copper 20 2.5 | plating assemblies or com- 
Gold we ponents which may not be 
Indium <5 ° Jimmersed in plating 
Iron she solutions. 
Lead 20 For such non-decorative 
ropa “ot purposes as building-up 

5 worn or overmachined 
nme — parts, the extremely 
tag] - high speed of deposi- 
Tin re tion and the accuracy 
Zinc 20 with which deposit 
thickness can be controlled are most attractive 
features. Deposits are characterised by low 
stress, extremely fine grain, perfect adhesion 
and complete absence of porosity. 
The DALIC PROCESS has received favour- 
able acceptance by industry and_ recent 
installations have been made in the elec- 
tronics, motor car, radio and television and 
armaments industries, in the Ministry of 
Supply, and in_ -various — research 
establishments. 




















METACHEMICAL PROCESSES LTD. 
13 STRAFFORD ROAD - LONDON, W.3 + ACORN 0131 2 


Associated Company:- Dalic Metachemical Ltd... Leicester Avenue, Etobicoke, Toronto, Canada 
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The Cossor Double Beam Oscillograph Model 1035 


in use in the Research laboratories of Saunders-Roe Ltd., 
the famous flying boat manufacturers. 


In displaying the mutual effect of two related and variable 
quantities simultaneously the Cossor Double Beam 
Oscillograph is solving many of the fundamental problems 
with which the Research and Development scientist is 
constantly beset. In the Production field, too, there are 
innumerable problems capable of complete solution by 
this versatile instrument and every branch of industry is 
realising the enormous potential of this apparatus in the 
detection and analysis of faults and the accurate monitoring 
of manufacturing processes. 

The technical advisory staff of the Instrument Division is 
always at your service to help with your particular problem. 





%* In the Cossor Double Beam 
Oscillographs Models 1035 and 
1049, the two traces are presented 
on a flat screen of 90 mm. dia., and 
the amplifiers are so calibrated 
that measurement of the voltage 
input as well as the time interval 
between various significant por- 
tions of the oscillogram is made 
possible. Permanent records for 
subsequent analysis may conveni- 
ently be made by attachment of 
Cossor Camera Model 1428, for 
which there is also a nine-speed 
Drive Unit Model 1431. 


The Technical Advisory Staff of the Cossor Instrument Division is always at your service. 


( () \ \ () R ELECTRONIC § INSTRUMENTS 


Please address enquiries to 


Cci.68 


COSSOR INSTRUMENTS LIMITED (Dept. 14) HIGHBURY GROVE LONDON ° N.S 


Telephone : CANonbury 1234 (33 lines 
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Telegrams : Cossor, Norphone London 


Cables : Cossor, London 
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THE NEW 


SILICONE 


ENAMELLED WINDING WIRE 


ee es 

















SEVERAL YEARS’ RESEARCH lies behind 
the introduction of the new silicone wire 
enamel MS 1360. It has the toughness, 
flexibility, solvent resistance and adhesion 
expected of modern wire enamels and in 
addition has outstanding heat stability. 


= bh 1h nya l enw? 
fi iaarnye i" vd #4 ; 


Accelerated life testing of electric 
motors wound with MS 1360-enamelled 
wire and insulated with silicone-bonded 
(Class H) components indicates that such 
motors, when operated at an average 
copper temperature between 160°C and 
180°C, have a life comparable to Class A 
insulated motors operated within their 
normal temperature limits. 

MS 1360-enamelled wire is available in 
fine and medium coverings, as defined in 
B.S. 1844. Ask for Silicone Notes c18— 
Silicone enamelled wire. 

Information about suppliers of wire 
and silicone insulating components is 
contained in Silicone Notes c 19, obtain- 
able on request from: 


MIDLAND SILICONES wo. 


(associated with ALBRIGHT & WILSON LTD. and DOW CORNING CORPORATION) 
first in British Silicones 


19 UPPER BROOK STREET ¢« LONDON «¢ W.1 « TELEPHONE: GROSVENOR 4551 


TBW ms 43 
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for domestic RADIO and TELEVISION ; 
receivers ; 


FEATURES 


@ Withstand overloads such as charging current 
of deformed electrolytic capacitors 


@ Instant starting — no warming-up period 
@ Unlimited instantaneous overload 
@ Practically indestructible in service. 
@ No limit to size of reservoir capacitor 
@ Simple wiring — two connectors only. 
@ Simple mounting — no valve holder 
@ Small size... low weight 
@ Low heat dissipation 
@ Low cost 


| Prandard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W. ¢, 2 } 


2 


(RECTIFIER DIVISION: Edinburgh Way, Harlow, Essex, 
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MUIRHEAD & CO. LIMITED 
Invite you to write for 
“MUIRHEAD MAGSLIPS” 


using your business letterhead 


This illustrated brochure describes 
typical MAGSLIP elements 
and gives details of their 
applications for 
REMOTE INDICATION and CONTROL 
SERVO SYSTEMS 
TORQUE TRANSMISSION 
SUMMATION and COMPUTATION 


MUIRHEAD 


PRECISION. ELECTRICAL INSTRUMENTS 
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MUIRHEAD & CO. LIMITED - BECKENHAM - KENT - ENGLAND 
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Marconi Double Diversity 
Telegraph Recording Unit 


TYPE HU.12 





Shown here is the HU.12, in 
the bench mounting cabinet 
where it fits on top of the power 
unit. It can also be built into 
a standard rack which houses 
the associated receivers. 








The HU.12 unit is designed for use with 
two suitable receivers of frequency shift or FEATURES :- 
on-off telegraph transmissions in double diver- 


A ‘ Electronic path diversity selector for FSK 
sity. The combined AF outputs of the e ee : 


will function when difference between paths 


receivers are converted into double current exceeds 4 db. 

signals to operate an undulator, relay or @ Alternative DC output suitable for a low 

other ‘space-mark’ type of equipment re- resistance undulator (20+ 20 ohms) is provided. 

quiring a current up to 30 mA. No receiver @ Neon indicators for visual tuning of FSK 

modification is necessary except, perhaps, reception. 

adjustment of the BFO frequency. @ Front of panel control for pre-set ‘mark’ and 
: 2 . : ‘space’ current adjustment, filter selection 

Satisfactory recording is possible should the and signal bias. ; 


first oscillator drift up to + 800 c’s. 





Over 80 countries now have Marconi equiped telegraph and communication systems. Many 
of these are still giving trouble free service after more than 20 years in operation. 


Lifeline of communication 


MARCONI 


COMPLETE COMMUNICATION SYSTEMS 
Surveyed, planned, installed, maintained 


MARCONI’S WIRELESS TELEGRAPH CO. LTD., CHELMSFORD, ESSEX 
Partners in Progress with The *ENGLISH ELECTRIC’ Company Limited LC 13 
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DEI03 Square Wave leading edges 
at 2”/usec illustrating rise times. 





DTI03 20nV RMS applied to botn 
channels at 100,000 gain showing 
noise level. Upper trace expanded X5. 









he way 


Knowledge 





NAGARD TWO CHANNEL D.C. OSCILLOSCOPES 


moe 


The latest in the NAGARD range, these two instruments embody entirely new facilities 
for the display and measurement of simultaneous phenomena. 


MODEL DE103 is the first WIDE BAND D.C. OSCILLOSCOPE 
to provide a bandwidth of D.C.—10 Mc/s (—3db) and a rise time of 
0.035usec in two identical channels. Two separate gun systems stop 
interaction, while a 6 in. diam. CRT gives large and easily viewed traces 
with very fine detail. 

Independent X shifts enable traces to be aligned as desired. 

Calibrated for time and voltage measurements to 5 per cent. 


MODEL DT103 is the first double-beam D.C. OSCILLOSCOPE with 
a maximum sensitivity of 250.V/cm in two identical amplifying channels. 
High stability with lowest possible noise level means that the high gain 
is really usable. 

A wide range Time Base with reliable and sensitive triggering circuitry, 
X amplifier, beam blanking switch, and x5 differential or dual-sweep 
expansion confer versatility in dealing with an infinite variety of signal 
conditions. 

Bandwidth D.C.—100 Kc/s (—3db) fully calibrated for time and voltage 
measurement,to 5 per cent. 


Both instruments are easy to use, reliable, made to very high standards and are now in production. 


NAGARD LIMITED - 18 AVENUE ROAD 
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good magnetic# 
characteristics 








PREGISE 
ELECTRICAL ° 
INSPECTION 


Standard maintains its established leadership 








in the manufacture of high permeability mag- 


netic alloys by constant vigilance in the 





control of each and every production process, @ PERMALLOY ‘C°’ for highest initial permeability, 
useful for wide-band frequency transformers, current 


one of which is illustrated here. Produced by a transformers, chokes, relays and magnetic shielding. 
@ PERMALLOY ‘B’ has lower initial permeability than 
Permalloy ‘C’ but higher values of flux density. Suitable 
where high permeability to alternating field is required 
superimposed upon a steady polarising field. 


Company which has the unique advantage of being 


a large-scale user of its own magnetic materials, a long sy Siena tale <25* Ro eery ‘Rd. ventetivtey witha 


undue lowering of the maximum flux density. Variation 


experience of the applications of these materials gives of permeability with frequency is small. Ideal for H.F. 
applications. 

full appreciation of the properties essential for uniform @ PERMALLOY ‘F’ for high flux density, very rect- 

angular hysteresis loop, with a retentivity of at least 95%, 

electrical characteristics and stable performance. of its saturation value and low coercive force. Ideal for 


saturable reactors, magnetic amplifiers, digital computors, 
memory devices, etc. 


It will pay you to investigate the capabilities of ret viihe 
@ V-PERMENDUR for high permeability with a very 


high value of maximum flux density. Finds special 


Standard magnetic alloys with relation to your specific application for use as high quality receiver diaphragms, 
also motor generators and servo-mechanisms in aircraft 
requirements. where weight and volume are important factors. 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, W.C.2 
TELEPHONE LINE DIVISION: North Woolwich, London, E.16 
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WIGGIN wich puRITY NICKEL ALLOYS 


by POW OED WeALUO GY 


The application of powder metallurgy to the pro- 
duction of wrought nickel alloys has been found to 
offer a number of advantages, especially in the very 
close control of composition and high level of 
purity which can be maintained. Nickel and nickel 
alloys produced by this means are of particular 
value in the electronics industry in meeting require- 
ments which call for very stringent specifications 
of properties. 

Materials produced by powder metallurgy are 
available in the form of strip, rod, wire and tube. 


WIGGIN POWDER METAL PRODUCTS 


H.P.M. NICKEL 
High purity nickel for thermionic valve 
construction, etc. 


CONTROLLED-EXPANSION (NICKEL-IRON) ALLOYS 


Alloys for glass-to-metal seals with stringent 
expansion tolerances. 


MAGNETIC (NICKEL-IRON) ALLOYS 
High permeability alloys with improved and 
consistent properties. 





Write for a copy of our leaflet 


*‘WIGGIN NICKEL ALLOYS BY POWDER METALLURGY’. 


a HENRY WIGGIN & CO. LTD., WIGGIN STREET, BIRMINGHAM, 16 


2 


ELECTRONIC ENGINEERING 28 JUNE 1955 



































TRIPLE COIL ASSEMBLY 
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I Loading coils 





the cable splice 





The advantages of the splice loading technique are 
particularly marked in the loading of small cables of up 
to 74 pairs. The coils can be included in a jointing 
sleeve or unit of only slightly larger diameter than 
would normally be used. 


The loading coils in the Mullard L.160 Series are 
designed specifically for this technique. They are cast in 
resin, which provides complete protection from climatic 
conditions and allows a telephone administration to 
store them ready for building into loading units as and 
when required. Both single and triple assemblies are 
available for different sizes of cable. 


Ferroxcube pot cores give these coils certain electrical 
advantages over conventional types, particularly in the 
loading of higher frequency circuits such as those 
encountered in programme and carrier applications. 


You are invited to write for leaflets describing the 


Mullard L.160 Series coils and simple units for 
pole and splice loading. 


Mullard 


SPECIALISED ELECTRONIC EQUIPMENT 


MULLARD LTD + EQUIPMENT DIVISION 
CENTURY HOUSE: SHAFTESBURY AVENUE - WC2 
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errograp 


MAGNETIC TAPE RECORDER 
SERIES Y.D. 


* Available as a 
portable instrument 
or for rack mounting 


TAPE SPEEDS : 12” & 33” p.s. 
32” & 74" ps. 74" & 15” pss. 


ABRIDGED SPECIFICATION 


TRACK WIDTH. -1” displaced to one edge. 


PLAYING TIME PER TRACK. Large reel (1,750ft.) 
45 mins. at 74” p.s. Other speeds pro rata. 


“WOW” AND FLUTTER (as change in tape 
velocity). Less than .2% at 74” p.s. 


LONG-TERM SPEED STABILITY (for 50 cycle 
mains input). Better than -5%. 

INPUT LEVELS FOR FULL DEPTH RECORD- 
ING. Input 1-1 megohm, min. signal -003v. peak. 
Input 2-600 ohms, balanced, min. signal -14v. peak. 
OUTPUT ARRANGEMENTS. 15 ohm internal 
elliptical speaker. 15 ohm unbalanced socket output. 
600 ohm balanced output (P.O. Gauge B jack). 
SIGNAL TO NOISE RATIO (tape to spec. 
WW372/49). Inthe range 200 cycles to 12 Kc/s, better 
than 50 DB. Unweighted, including hum, 45 DB. 
WORKING VOLTAGE. 100-12o0v. and 200-250vA.C. 


OVERALL DIMENSIONS. 18}’ x 17}” x 93” high, 
with lid. 





WRIGHT & WEAIRE LIMITED 


131 SLOANE STREET - LONDON : S.W.1 Telephone: SLOane 2214/5 and 1510 
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POWER RANGE 
0 to 100 Watts 


FREQUENCY RANGE 
D.C. to 250 Mc s 


















Both instruments have a 
linear power scale and accurately 
register mean power input 
regardless of waveform. 

The TF 1020 has an input 
impedance of 75 ohms; 

The TF 1020/1, an input 
impedance of 50 ohms. 


MARCONI INSTRUMENTS 


SIGNAL GENERATORS * BRIDGES * VALVE VOLTMETERS °‘ Q METERS . WAVEMETERS 
FREQUENCY STANDARDS : WAVE ANALYSERS $ BEAT FREQUENCY OSCILLATORS 


MARCONI INSTRUMENTS LTD - ST. ALBANS + HERTS + Telephone: ST. ALBANS 6160/9 
30 Albion Street, Kingston-upon-Hull. Phone: Hull Central 16144. 19 The Parade, Leamington Spa. Phone: 1408 


Managing Agents in Export: 
MARCONI’S WIRELESS TELEGRAPH CO. LTD - MARCONI HOUSE + STRAND * LONDON - W.C2 
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: e 
when SIZE is important 


our motors may seem small 
but their power to size ratio is head and shoulders above the rest. 
Whether it is cooling giant transmitter valves or actuating servo-mechanisms there is 
a Vactric miniature motor of the right size. Typical of these small-size, 
high-power motors is the one shown actual size below with its performance details. 
Vactric produce eight types of permanent-magnet motor, 


with 200 variations of characteristics to choose from. 


Output 6.9 x 10” hp. 


Torque 100 gram centimetres 
1.39 ounce inches 


Speed 4500-5500 r.p.m. 
Voltage 26 volts D.C. 
Amps 0.58 amperes 
Watts 15.2 watts 
Rating 10 minutes 





Telephone Sloane 9656 or write for brochure or technical assistance 


Wacttr Be & Limited 196 Sloane Street London SWI 
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ELECTRONIC DEVI 


. OF INTEREST to all engineers, this new publication 

forms an invaluable reference to current G.E.C: electronic 
products suitable for such industrial applications as 

control instruments, scientific measurement, counting, radio-active 
indication, photoelectric alarms and indicating devices and 
electronic relays and voltage stabilisation. The technical 
information which includes ratings, dimensions, base connection 
diagrams and screen characteristics, enables the potential 

The contents include: user to choose the device most suitable 


for a particular application. 
Barretters P PP 


Cathode ray tubes 


(instrument and special types) 








ES 




















Electrometer valves 
Geiger Muller tubes 
Photoelectric cells 
Photoelectric industrial aids 
Semi-conductors 

Voltage stabilisers 





Write to 
OSRAM VALVE AND ELEcTRONICS DEPT. FoR | OV 2507 











THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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UNIVERSAL PULP CONTAINERS LTD.,MILTON OF CAMPSIE ly GLASGOW 
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POWER 
RECTIFIERS 


These Mercury Vapour and Xenon filled 





power rectifiers are robust and can be relied 


upon for long and satisfactory service. The out- 





put table shown herewith is calculated for a 
three-phase, full wave arrangement. Full 
technical data and operating instructions 


are available on request. 





AH 200 
AH 213 _ 

AH 201 _ 

AH 205 CV 2673 
AH 211 CV 532 90 
AH 221 CV 5 36 
AH 217 — 36 





AX 224 CV 1835 7 
AX 228 _ 36 
AX 230 CV 2518 . 36 


“ENGLISH ELECTRIC 




















ee wr lu cm 1s Waterhouse Lane, Chelmsford 
ACUNIMARRUTTOMRUADMCMMNDDME etechone: Chelmsford 3001 








AP300/18 | 
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You’ll find Tufnol tube makes the best coil formers. 

Tufnol is a high-grade electrical insulator. Won’t rot or corrode. 
Strong and durable wherever you put it to work... 
yet exceptionally light in weight. 

Tufnol coil formers or other components can be 
machined or moulded to your specification at 
our factory. Or Tufnol can be supplied for 


you to machine in your own workshop. 


A radio interference 
suppressor with Tufnol former 

for use on an electrostatic 
dust precipitator. 


Are you making the most of 


TUFNOL 


REGISTERED TRADE MARK 


An ELLISC YN. Product 


TUFNOL LTD + PERRY BARR «= BIRMINGHAM 22B 
312 
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a A HIGH Mu PENTODE 
with low hum, noise and microphony 





TYPICAL OPERATING CONDITIONS 





Anode Voltage (Va) ...... 250 250 250 250 
Screen Voltage (Vg2) ... ... 80 100 160 200 
Grid Bias(Vgi)  ... ... ... 4.25 17 2.75 3.5 
Anode Current(mA) ... ... 7.8 7.9 105 12.3 
Screen Current(mA) ... ... 2.45 2.5 3.3 3.85 


Mutual Conductance (mA/V) 7.0 7.0 745 17.6 


Anode AC Resistance (ra) 
(Megohms) 0.55 0.55 0.4 0.3 


Input Capacity (Hot) (uuF)... 20 199 19.7 195 








RATING 
Mipater Vole 2. sis ek Od a 4.0 
Heater Current(Amps) ... ... ...  « Ih 1.0 
Maximum Anode Voltage ... ... ... «. Wa 250 
Maximum Screen Voltage ... ... ... «.. Vg2 250 
Mutual Conductance (mA/V) ... ... ... £m 7.7 


Taken at V,z=250; Vg2=100; Vg, =1.5 








BASE 
British 7 pin Pin No. 5 Heater 
Pin No. | Metallising Pin. No. 6 Cathode 
Pin No. 2 Anode Pin No. 7 Screen (g2) 


Pin No. 3 Suppressor Grid (g3) Top Cap Control Grid (g1) 
Pin No. 4 Heater 








The AC/SP3 RH is available in two grades. The valves in 
both grades are characteristically identical, the grading 
‘A’ or ‘B’ relating only to relative levels of hum, noise 
and microphony. B Grade valves are suitable for the 
majority of applications, but for particular applications 
where the noise level is very important Grade A may be 
preferred. 


Under typical operating conditions with V,=250v, 
Ra=150 KQ, Rg=150 KQ, Rg2=—500 KQ, Ry=1 KQ, with the 
heater fed from a centre-tapped A.C. supply the equivalent 
hum voltage at the grid of an average grade A valve is 
approximately 5uV, whilst the combined noise (excluding 
hum generated by the valve and grid resistances, using a 
high quality A.F. amplifier) is not greater than 8.V. 


The following table compares the noise, hum and micro- 
phony from the two grades of valve. 


HUM NOISE 
‘A’ x 5.6 down on ‘B’ ‘A’ x 2 down on ‘B’ 
MICROPHONY 
‘A’ x 8 down on ‘B’ 
sv3 
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THE EDISWAN MAZDA AC/SP3 RH 


is an indirectly heated Pentode with a special 
heater construction designed to reduce hum 
due to A.C. fields within the valve. 

Provided precautions are taken to minimise 
hum due to external wiring, the AC/SP3 RH 
may be used in the early stages of amplifiers 
where the reduction of hum, noise and micro- 
phony is of primary importance. 


Full technical information on request. 


EDISWAN 


MAZDA 
VALVES & CATHODE RAY TUBES 


The Edison Swan Electric Co. Ltd. 
155 Charing Cross Road, London, W.C.2 
and Branches 


Member of the A.E.I. Group of Companies 


Telephone: Gerrard 8660. Telegrams : Ediswan, Westcent, London 
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TAYLOR TUNNICLIFF 
Makers of Fovrcelain Insulation 








Low 





Loss 









Ceramics 








ANOTHER BATCH OF THE FINEST 
QUALITY CERAMIC INSULATORS . . 


A SERVICE WHICH TT HAVE DEVELOPED 
AFTER YEARS OF CONTINUOUS EXHAUSTIVE 
RESEARCH. 


THESE TT INSULATORS PLAY AN 
IMPORTANT ROLE IN ELECTRONIC 
DEVELOPMENT. 





TAYLOR TUNNICLIFF (REFRACTORIES) LTD. 

ALBION WORKS * LONGTON - STOKE-ON-TRENT 
Telephone : Longton 33122 

London Office: 125 HIGH HOLBORN, LONDON, W.C.1. Tel. Holborn 1951/2 
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A NEW TECHNIQUE IN HIGH SPEED 
WAVEFORM MONITORING 





































BANDWIDTH : 
10 kc/s to 300 mc/s 


INPUT IMPEDANCE OF EACH PROBE ! 
Approx. | pf (input element of variable 
capacity divider) 

MAXIMUM SENSITIVITY : 

Full Scale Deflection for 1 Volt input 


TIME SCALE : 
Variable from .05 microsecs to 5 microsecs 


RECURRENCE RATE OF MONITORED WAVEFORM : 
100 c/s to 10 ke/s 


CALIBRATION : 


Provision is made for accurate 
measurement of time and voltage 
scales of .a waveform 


PREVENTION OF JITTER : 
A circuit is incorporated 
for providing a stable 
display when a monitored 
waveform is jittering with 
respect to its driving pulse. 





HIGH SPEED RECURRENT WAVEFORM MONITOR TYPE 500 








The wide bandwidth and high sensitivity 
of the instrument as well as the very high input 
impedance result from the use of a sampling technique. 
During each recurrence a measurement is made of the instantaneous amplitude 
of one point in the waveform. This measurement is amplified and applied to 
the cathode ray tube as one co-ordinate of a graph of the waveform. During 
subsequent recurrences, instantaneous measurements are made of different 
points, resulting, after about 100 recurrences, in a complete graph. 


Please write MN X@) 10) MOV ea a1 G8, ot es 


information, 


ELE 





Member of the AEI group of companies 


mums Teading Electrical Progress 


R/E4O1 


JUNE 1955 39 ELECTRONIC ENGINEERING 








MINIRACK OSCILLOGRAPHS 


A 





Tins. cnet 





This is one of the many high quality: 
multi-channel cathode-ray Oscillographs 
we have designed and manufactured. 


The development of modern ships, 
aircraft, engines, machines and armaments 
of all kinds already owe much to such 


MINIRACK  Oscillographs. 


WRITE FOR OUR CATALOGUES 


SOUTHERN INSTRUMENTS LIMITED 
CAMBERLEY SURREY 


Telephone : Camberley 2230 (3 lines) Telegraphic Address : ‘“* Minrak,” Camberley, England. 
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Fitted 
to the World’s Finest 
radiograms 


record playing units 


Seven inch, ten inch and 
twelve inch records played 
at all speeds and played 
superbly. 


RD 
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A range of rectifiers 


designed to suit all types of 





instrument movements. 


The performance data and 
details of the types available 


are given in our publication 


No. C.O.R. 5305/2. 


Please apply to the 


following address :— 
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| 
| | 
) Wayne . 


( &/Kerr 


Laboratory Instruments 

















Torque Vane Wattmeter — 
Type U.181 


A feed-through wattmeter for X Band 
waveguide No. 16. It will make an 
absolute measurement of power over the 
range 10 watts to 100 watts C.W., or 
the equivalent mean of pulsed power, 
with an accuracy of + 1%. The V.S.W.R. 
is better than 0°95. 








Radio Frequency Bridge — Type B.601 


A wide range bridge for the measurement of 
resistance, capacitance and inductance between 
15 Ke/s and 5 Me/s. It will measure complex 
impedances balanced and unbalanced and between 
any pair of terminals in a three terminal network. 





Video Oscillator — Type 0.22B 


A portable instrument covering the 
range 10 Ke/s to 10 Me/s with an out- 
put of + 10 dbs to — 50 dbs on 1 volt 
p. to p. amplitude stabilised to 0°5 dbs 
over its full frequency range. It includes 
a 50 cps. square wave output and 
facilities for direct reading of the modu- 
lus of the load impedance. 

















FOR DETAILS OF THE RANGE WHICH INCLUDES 


AF HF and VHF Bridges Signal Sources Component Test Gear 
Microwave Apparatus Special Purpose Equipment 
WRITE OR TELEPHONE 
THE WAYNE KERR LABORATORIES LTD - NEW MALDEN : SURREY MALDEN 2202 
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find NOW -. range of 
‘CERAMIGAPS’ for your 


LiNe} Storage Unit! 


TESTED | 




















The LAB Continuous Storage Unit is widely acknowledged 
— as the most efficient and convenient method of storing and selecting 
resistors. Now its usefulness is still further extended 
with the introduction of LAB pak’d ‘ Ceramicaps’. 
With the LAB Unit, research and experimental 
laboratories and small production groups 
have to hand immediately, a complete range 
of resistors and ‘Ceramicaps’, easily selected 
with card index simplicity from some 700 
sorted and carded components. Empty cards 
are merely replaced with full ones 
from stock. 
The LAB unit is supplied 
FREE with initial purchase 
to your specification. 
Standard assortments 
available. Each LAB Unit 
can be used to store one type 
of component exclusively, or 
quantities of the complete 
range of resistors and 
‘Ceramicaps’. Full details and 
illustrated list will be sent on 
application. 


THE L/s 























Ref. T Loadi or Ra | Dimensions 
° tT 
: me | Votes si CONTINUOUS 
T 4 watt + watt 250 10 “<1 ix’ 
t 
Lite ee | STORAGE UNIT 
Tolerance available + 20%, 10%, 5% 
HIGH STABILITY RESISTORS 
Hs3 4 watt + watt 750 | ohm . 
| | to = 1.1° x0.1° ‘i 
ms 
Tolerance available +5%, 2% 1% * Continuous Storage for : 
UND RESISTORS 7 6 
RP ey op Faye Resistors and ‘Ceramicaps 
Tubul 3 aa Te +2%, 10% 
. rances fo, 10% 
"500-5000 pf Hi-K % Values separately carded 











The Lab Continuous Storage Units are available from your normal source 


af supply, but more detailed information can be obtained from * Finger-tip Selection 
THE RADIO RESISTOR COMPANY LTD 


S50 ABBEY GARDENS - LONDON - N.W.8 - Telephone: Maida Vale 5322 
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PAINTON “MULTIGON” pPLUGs AND SOCKETs 





COMMERCIAL RANGE 


2pole 4pole 6 pole 
8 pole 12 pole 18 pole 
24 pole 33 pole 

and 10-in-line unitor. 


Voltage Rating: 500 volts. 
D.C. or A.C. Peak. 


Current Carrying Capacity : 
5 amps. D.C. or A.C. (R.M.S.) 
per contact. 


Average Contact Resistance : 
Less than 0.005 ohm. 


Single-piece moulding ensures 
satisfactory operation under 
severe tropical and 

climatic conditions. 


SERVICES RANGE 


6 pole 12 pole 
18 pole 24 pole 


Voltage Rating, Current 
Carrying Capacity and Average 
Contact Resistance are the same 
as for the Commercial Range. 


Two-piece die-cast cover 
enables soldered joints and 
cable-clamping arrangements 
to be inspected easily. 


Single-piece moulding ensures 
tropical and climatic 
performance in accordance 
with RCS.321 standards. 





a PAINTON 
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CAT. No. $.A.. 11018 


PIRANI AND IONISATION GAUGE 


FOR RAPID, PRECISE VACUUM MEASUREMENTS IN RESEARCH & INDUSTRY 


The “CATHODEON” COMBINED PIRANI AND IONISATION GAUGE 
is a compact, self-contained, mains-operated unit for measuring pressure over 
the very wide range of 1 mm. to 10 mm., or less of mercury. A Pirani gauge is 
used over the range of I mm. to 10°? mm. Below 10-3 mm. a selector switch 
brings in an ionisation gauge indicating down to 10 mm. or less. Occluded 
gases in this gauge may be removed by a built-in ““Bombard” feature. Indicator 
lamps show whether the instrument is set to “Pirani,” ‘“‘Ionisation,” or “Bom- 
bard.” Complete with Pirani and Ionisation gauge heads which are normally 
supplied in hard or soft glass of 12 mm. bore, but are available in special glasses, 
bores or connectors to suit customers’ requirements. Descriptive leaflet available 
on request. 


SPECIAL FEATURES 
Robust Probes included. Simplified Controls. Range extension readily available. 


STANDARD EQUIPMENT IN MANY LEADING LABORATORIES 


> J 
SCIENTIFIC( >) (AinstTRUMENTS 


W. G. PYE & CO. LTD «+ GRANTA WORKS « CAMBRIDGE * ENGLAND 
WGél 
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FERRAANTE 


THREE PHASE RESIN CAST TRANSFORMERS 


Resin Cast Components has 
been extended to include 
Three-Phase Transformers 
with ratings up to approxi- 
mately 4kVA at 50 cps. 
Correspondingly greater 
ratings are available at the 
higher frequencies. 
' 


| The ‘Pentland’ Series of 











| T.R. and A.T.R. CELLS FOR RADAR EQUIPMENTS 


The Ferranti ranges of T.R. and A.T.R. Cells cover the 
3 cm., 10 cm., and 30 cm. bands. Tunable and Broad 
Band types are available and a number of American 
Equivalents are manufactured. 


FERRANTI LTD., CREWE TOLL, FERRY ROAD, EDINBURGH 5 
London Office : KERN HOUSE, 36 KINGSWAY, W.C.2 
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Enquiries to: 


Technical Sales 
Ferranti Ltd. 
Ferry Road, Edinburgh5 


Write for descriptive 
literature. 





ES/TIS 
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A PROVED RANGE 
OF MULTI-WAY 
PLUGS AND 
SOCKETS WITH 
UNUSUALLY LOW 
INSERTION 
PRESSURES. 





Miati-way Plugs and Sockets with years of 
experience and application behind them. When specifying these high quality 
components you will be assured of less insertion pressure per contact than any 
comparable product can offer, great versatility, and suitability for humid conditions. 
For rack mounting applications greater latitude in matching up eases the designers 
problem, and the range of 4, 8, 12, 20 and 28 way units will be found to cover 
almost every requirement. Widely used by such manufacturers of high quality 
equipment as: 

Messrs. Marconi’s Wireless Telegraph Co. Ltd. 
Messrs. Standard Telephones & Cables Ltd. 
The English Electric Co. Ltd. 


Full details will be gladly supplied upon request. 


POWER CONTROLS 


ia D 
EXNING RD., NEWMARKET PHONE: NEWMARKET 318! 





@8ure 


Ave 
{ : q \ 


R/H 
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GYRO CALIBRATION TABLE 


® PRECISION SPEED CONTROL 


May we send This and other instruments of control and measure- 
you our cata- ment will be on view at the British Instrument 
logue? Exhibition on our Stand No. 3 F. 





Designed to facilitate the testing and 
calibration of Gyro mechanisms and 
similar equipments, the Gl Calibration 
Table provides an_ infinitely variable 
speed range from 0 to 80 RADS/SEC. 


Precision control is such that table speeds 
can be set and held to within 0.2% 
throughout the range and in either direc- 
tion of rotation. 


Both air and electrically driven gyros can 
be tested by means of 12 independent 
electrical connections and an air supply 
to the rotating table. Other facilities 
include a built in stroboscopic speed 
indicator and an arresting unit for the 
observation of damping characteristics. 


The entire drive from motor to table is 
by positive gearing through a four speed 
gear box. Electro-mechanical interlocks 
are provided to prevent damage by mis- 
handling. 


The power pack and amplifier are combined 
in a self-contained unit and operate from 
230v. 50 ~ supply. Stability is ensured by 
a drift compensated velodyne control 
system. 








KINGSTON BY-PASS ROAD 





GRASEBY INSTRUMENTS LTD 


: TOLWORTH : SURREY 


Telephone : ELMBRIDGE 5742-3 
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Our photograph shows two views ot a 


component which comprises two metal diecasungs 

joined together and yet completely insulated from each other by a 
plastics moulding. No seeping of moisture can be tolerated and 

the placing of the inner component must be extremely accurate. 
This tricky problem solved by our technicians, the resulting 
assemblies go to play their part in an electro acoustic instrument 

of great intricacy. National Plastics development engineers and 
product designers are ready at all times to collaborate 
with potential users of moulded plastics. The list of 
new applications developed and put into production 











NATIONAL 
PLASTICS 
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in recent months is most impressive. 


NATIONAL PLASTICS (SALES) LTD. 
Sales Organisation for 
BRITISH MOULDED PLASTICS LTD. 


Avenue Works, Walthamstow Avenue, London, E.4 
LARkswood 2323 
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The Automatic Frequency Monitor (20 Mc/s) 
is but one of a series of high grade monitors 
now in course of manufacture for the accur- 
ate measurement of frequency. 


Employing hard valve techniques throughout, 
it will measure any frequency in the range 
10 c/s: to 20 Mc/s to an accuracy within 
a part in 108. 


The result, in decimal notation, is presented 
on eight panel mounted meters each scaled 
from 0 to 9 and the unknown frequency is 
automatically remeasured every few seconds. 


This new equipment presents a considerable 
advance in frequency measuring techniques 
and apart from normal laboratory applica- 
tions, is ideally suited for incorporation in 
production testing routines. 


Full technical information on this and other 
frequency measuring equipment is available 
on request. 








CINEMA 





A COMPANY WITHIN THE J 


WORSLEY BRIDGE ROAD 


SALES AND SERVICING AGENTS : 
Hawnt & Co. Ltc., 59 Moor St. Birmingham, 4 


Atkins, Roberison & Whiteford Ltd., 100 Torrisdale Street. Glasgow, 5. 2 
F, C, Robinson & Partners Ltd., 122 Seymour Grove, Old Trafford, Manchester, 16 
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ARTHUR RANK ORGANISATION 


LONDON’ -_ S.E.26 
HITHER GREEN 4600 
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We can’t soft- 
pedal this switch... 


...Itis far too important. Imagine the cost and 








Y 


complexity of switching the multiple circuits of radar or radio 
without rotary switches: think how simple a rotary makes it. 
Go on to ask the obvious question: Why not the same 
simplification of industrial power switching? Why not indeed! Austinlite 
Rotaries are designed for that very purpose. They switch more compactly, more 
cheaply, more simply than conventional switchgear .. . and every 

switch is built for its job. Tell us what the circuits are: we will supply an 
Austinlite — no matter how special — to switch them. The switches are described 


in a technical brochure ‘ Simplified Switching ’— copies are available on request. 


Rotary switching is ‘ Simplified Switching ’ 


ask 7tustinlite about it 


AUSTINLITE LIMITED, LIGHTHOUSE WORKS, SMETHWICK 40, BIRMINGHAM 


(A subsidiary of Stone-Chance Ltd., the makers of Sumo Pumps and Stone-Chance Lighthouses, 
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Crate ee 











Complies with 
British Standards 
972 - 668° 1137 
Fabric base to 
RCS 1000 
specification 
















Just 


between 
ourselves ...and electricity . 


you need 





ae 





Wherever an efficient combination 
of mechanical strength and sound 
insulating properties is required, 
‘Pirtoid’ provides the modern 
answer. 
Superior under severe operating a a 
conditions, resistant to shock insulated laminate 
loading, easily punched to yield 
clean, sound blanks, amenable to 
effective drilling without delamin- 
ation, ‘Pirtoid’—for Terminal 
| hog oe ye i PIRTOID IS A SYNTHETIC RESIN BONDED 
olders, Bobbins and Coil Form- 
ers, Panels, Insulating Bushes and LAMINATED FABRIC OR PAPER BASED 
Handles—is the material of the SHEET TO APPROVED A.1.D. SPECIFICATION 
moment. AND CAN BE MACHINED, FORMED OR 


MOULDED TO ANY SHAPE 





Manufactured solely by 
H. CLARKE & CO (MANCHESTER) LTD ATLAS WORKS PATRICROFT MANCHESTER 


Tel. No. : ECCLES 5301-2-3-4-5 
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MINIATURIZATION 





Tiny valves and transistors demand tiny components to accompany them. Whether you are working on 


television for Bands III and IV, Band II Radio, computors, industrial electronics or test 
















melt-proof cover. For those of you concerned with tropicalization, BTS, BTB 
. and BWF2 resistors, YN-potentiometers and metal ‘ minicap ’ capacitors 
will be of special interest. To those of you engaged on 
Government contracts we should like to mention 
that the metal ‘ minicap’ capacitor and the type 
BTS and BTB resistors are type-approved. 
Send for samples and catalogues a ie 
dropping us a line on your com- 
pany’s letter-heading. 


DU BIER: 


DUBILIER CONDENSER CO. (1925) LTD., DUCON WORKS, VICTORIA ROAD, NORTH ACTON, 
Telephone: ACOrn 2241. Telegrams: Hivoltcon. Wesphone, London, Marconi Int. Code, 





components will undoubtedly interest you. Deserving of special mention are the tiny BTS type 
}-W. resistor measuring only §” x }” and the type 400 metallised paper capacitor in its — 


gear, these 


LONDON, W.3 
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Connollys have never been 
checkmated or even checked in their 
steady progress as one of the world’s 
leading manufacturers of winding wire. 
Checks however, do take place—stringent quality 
checks—enabling Connollys to build up a fine reputation 


amongst discriminating users. 





Their Conymel wire (vinyl acetal coated to B.S.S. 1844) has a world 
wide reputation as being the best of its type and Connollys are one of 


the largest manufacturers of this wire in the British Empire. 





CONNOLLYS Winding Wires 


CONNOLLYS (BLACKLEY) LIMITED | 
Kirkby Industrial Estate, Liverpool 
Telephone: SIMonswood 2664. Telegrams: “SYLLONNOC LIVERPOOL 5” 
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EILIOTT 
Standard Transductors | 


FOR OPERATION AT FREQUENCIES OF 400 c/s AND 1600 c/s 











Now available as standard components, 
is a new range of 400 c/s and 1600 c/s Transductors 
developed to specifications of the Royal Aircraft Establishment. 





mee 


@ Hermetic sealing. @ Exceptional life without maintenance. 
@ Push-pull input transductor units. @ Extreme ruggedness. 

@ Output transductors rated up to 80 watts. @ Multiple isolated inputs. 

@ Decreased time constants. e@ Summation of inputs. 

@ Reduced dimensions and weights. @ Stable D.C. amplification. 


DEMONSTRATION MAGNETIC AMPLIFIER 


Capable of being set up rapidly in various circuit 
forms, this flexible general purpose instrument is 
specially designed to enable electronic engineers 
and students to gain practical experience of the 
characteristics and applications of Magnetic 
_ Amplifiers. For use in Research Establishments, 
. Development Laboratories, Technical Schools and 
E Colleges. Price £42. 15s. Od. (50 c/s model only). 











Full details from Elliottronics Division 
ELLIOTT BROTHERS (LONDON) LTD., CENTURY WORKS, LONDON, S.E.13. (TIDEWAY 3232) 
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EPSYLON MULTITRACK TAPE 
RECORDING SYSTEM 


Four tracks recorded in phase per }” Tape 
width up to 16 tracks on one inch. 





Tape speeds from 0.75 ins./sec. to 100 ins./sec. 
and above. 


Modulated and direct systems to record from 
D.C. to 120 Ke/s. ’ 


Remote and Automatic control. 





The console equipment _ illustrated 
is a 4-channel direct recording system, 
having speeds of 37.5 and 75 ins./sec. 














a EPSYLON MULTITRACK 
TAPE ANALYSER 


This instrument has been developed to 
facilitate the examination of recorded tapes. 
Any small portion of a stationary tape is 
repeatedly scanned by a rotating head 
assembly, producing a recurrent oscillo- 
graphic display for observation or photo- 
graphic recording. 





Supplied by :— 


EPSYLON SOUND ACCESSORIES LTD. 


The Barons + St. Margarets * Middlesex +* England 
Telephone : Popesgrove 4451-5 Cables : Erd, Twickenham, England 
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DSTER 
. VOLTAGE REGULATORS 





On Top of & ii 





















Write today for 
our illustrated Broadsheet 
F.M.14. 


Srecialitta ie yoanelable Fouvr Nequlalieg bgugpment’ 


FOSTER TRANSFORMERS LTD - SOUTH WIMBLEDON - LONDON S.W.19 


A ‘LANCASHIRE DYNAMO HOLDINGS’ COMPANY — — 








VR/6 
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SV 
60’ Enclosed 
Standard 
Cabinets 


These superior enclosed Cabinets are 
available at an economical price, yet still 


maintain to perfection, the excellent 





standard of material, craftsmanship and 
finish that has become a feature of 


| the H. & H. range. These Cabinets may be 





used singly or, as shown below, in Unit 


Formation—in which case the protruding 








ap Nes 





side panels are removed and the units 





bolted together. 



























































A Catalogue of H. & H. Cabinets, Racks and Cases, giving | 
details of the full range is available upon request. We & [= L} 
———— 
anit i 
a 
| Fy Unit Formation 


assett¢ Harper lid 


REGENT PLACE, BIRMINGHAM, 
Telephone: CENtral 6418 (4 lines) 
LONDON: 140 PARK LANE, W.|I 
Telephone: MAY fair 9651 (3 lines) 





CONTRACTORS TO GOVERNMENT DEPARTMENTS 
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‘TRANSFORMER PROBLEMS 
WE HAVE SOLVED... - 
par /T2? 


ALS 


4 
Implementing the policies of N.A.T.O. has brought its own problems not the least of which 
are the varying electrical properties of the actual raw materials selected for electronic and 
radio equipment and components. The news that Gresham Transformers have completely 
and successfully met the requirements of American Specification MIL/T27 is yet another 
achievement which goes to prove that- 


¢ 
, ie Every Transformer Problem 


fd There is a GRESHAM Answer 


4 
4 
/ 


yn aN 
TRANSFORMERS LTD 




















IDIDIUESIEX 














TWICKENHAM ROAD, HANWORTH, MIDDX. FELtham 2271-4 
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‘ieee 6. F. CABLES 
C; 


ior 

Television & 
Radio Frequency 
requirements 


We manufacture a wide range of these 
cables and operate a Technical Advisory 
Service which is always at your disposal 


BRITISH INSULATED CALLENDER’S CABLES LIMITED 
21 BLOOMSBURY STREET, LONDON, W.C.| 
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PROGRESS IN CONTROL 


SUNVIC 
TIME DELAY 
SWITCHES 





BRITISH 
INSTRUMENT 
INDUSTRIES 
EXHIBITION 
. 
STAND I7 


BLOCK ¢ a a B.T.H. Transceiver Unit 
with doors open. 











The use of Sunvic time delays for vital applications in aircraft 
is an example of their undoubted reliability and consistency. 
They provide delays from 3 seconds to 6 minutes unaffected 
by variations in ambient temperature. They are used by all 
the leading manufacturers of radar equipment for circuit pro- 
tection and have a variety of other applications, including 


filament protection in electronic equipment and sequence switching. 


Another example of the important part played by— 


EQUIPMENT BY 








N= 


SUNVIC CONTROLS LTD. (Special Products Divn.), No. | Factory, Eastern Industrial Estate, Harlow, Essex. ‘Phone: Harlow 24231/5 


Manufacturers of Pneumatic and Electrical Instruments for detection, measurement, control and recording of Temperature, Flow, Liquid Level, 
Specific Gravity and Pressure, in Science and Industry. Vacuum Pumping and Measuring Equipment, etc. 
Member of the A.E.I. Group of Companies 











TAS/SC.294 
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He’s a big noise... 


In fact, every bit of him is important. He’s composed 
entirely of different injection mouldings—all of them produced for 


well-known manufacturers by the lively lads at Lorival. 


Cistern float, in polythene Lorival designers 


Grommet, in polythene eae ; solve plastic problems 
Separator Guard, in polystyrene ; en 

Battery vent plug, in polystyrene ; 
Battery vent plug, in polystyrene a . If injection mouldings can 
Toilet seat pillar, in polythene Es 

Refrigerator cover, in polystyrene 
Dental display stand, in polystyrene —leave it to Lorival! 
Measuring cup, in polythene 


speedily and economically. 


~ 
. 
. 
o 
* 
. 
° 
o 
. 
* 
. 
. 
. 
° 
. 
° 
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answer your problem 


eeeteeee 


eteteeeeeseseeeeeeeeseseese 
. 
. 


ive Leer it 
(ro worivae! 


LORIVAL PLASTICS 
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VARIABLE CAPACITORS 
Ceramic Disc Trimmers “Bow” Type 


Diameter of rotor 12mm. 


1279° 
a Dimensions—approx. 


Turning angle 180° approx. 
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Rated voltage 


Testing voltage 


Material of rotor - 

Abbreviated designation 

inside width of bow 10 mm. 

inside width of bow 12 mm. 

Regulating capacitance 2/10 
3/15 

Cmin./Cmax. in pF 


Tolerances of capacitance 
Cmin. 
Cm:2x. 
Loss factor in 10-* 
for Cmax. at | Mc/s and tgd 
20°C 


Permittivity of rotor 
at | Mc/s and +-20°C ©€ 


TCc¢ in 10-6 at | Mc/s of 
rotor +20°C... +85°C TKce 


Reactive current 





Insulation resistance is. 45.18" 2 








Admissible dissipation mW 70 








Example of Ordering : Disc Trimmer ‘‘ Bow ’’ type 15/45 pF with rotor in D90 and 
inside width of the bow 10 mm.=12 Triko 10 B 15/45 D90. 











(ST\ STEATITE INSULATIONS LTD. 


CON, 25, Somerset Road - Edgbaston -: Birmingham 15. 


Telephone : EDGbaston 3990. Telegraphic Address : ‘ Steatite, Birmingham 15.” 
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mass-produced domestic radio receiver 
as early as 1921. 


a a oa ee ee 


the pioneers 

of British 

radio and television 
relied on 





Plessey 





The Plessey Company Limited 
liford - Essex 


electronics - radioand television + mechanics 


hydraulics - aircraft equipment 
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The great John Logie Baird 

entrusted the production of the very first 
mass-produced television receiver 

in the world to Plessey. 


OO 


For many years Plessey have been putting 
ideas into production. 


This contribution, in simple terms, 

has involved the progressing of ideas 
through to the prototype stage and on 
to mass-produced reality—cheaply, 
efficiently, and in time to meet a market. 
And, in doing so, Plessey engineers 

have built up a fund of experience which 
is unique. 


This experience, backed by a vast 
productive capacity, is available to 

top management in the electronic, 
electrical and light engineering fields 

both in industry and Government 

service. When your new project is 

already in embryo form and awaits only 
the impetus of well-informed development 
and production capacity—you will do well 
to talk it over with Plessey. 


@ PP3a 
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MICROWAVE 


Precision Instruments 


32/1400 VARIABLE 
REACTANCE 


Probe has precision setting 
to .01 mm. by micrometer 
and vernier scale to .02 mm. 


100/800 <‘S’’? BAND 
CO-AXIAL WAVEMETER 


This wide range instru- 
ment uses co-axial line and 
crystal detector; ‘‘Q”’ 
approximately 2,000; range 
8-12 cms. 


32/500 «‘X’’ BAND KLYSTRON 
MOUNT 


Totally enclosed housing uses 723 
AB Klystron as signal source. Out- 
put from left hand flange controllable 
for monitoring purposes. Con- 
necting cable mounted at the rear 
of the unit. 


100/1300 ‘‘S’? BAND 
STANDINGWAVE METER 


This precision instrument 

’ is machined from solid 
material and has an accur- 
acy of .0| dB’s. Carriage 
travels on ball bearing 
rollers, and is controlled by 
steel wire and a drum 
mechanism. 


32/1840 «*X’’ BAND 
HIGH POWER LOAD 
Mean Power Input: 50° 
watts. Peak Power Input: 


50kW. Terminating v.s.w.r. 
.97 approx. 


Further details of these and other instruments 
in the “*X”’ and ‘‘S’’ Band range is available 
upon request. 

We undertake the manufacture of waveguide 
components on contract to customers’ drawings 


MICROWAVE INSTRUMENTS LTD. 


WEST CHIRTON INDUSTRIAL ESTATE, 
NORTH SHIELDS, NORTHUMBERLAND. 


N. Shields 3605/7. 
Microwaves N. Shields. 


Telephone: 
Telegrams: 
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The screen of the DG16-21 cathode ray tube is a 
rectangle measuring 54 x 14 inches — the logical shape 
for radar ‘A’ scan and many instrument applications. 
A number of these tubes can be stacked vertically to 
provide multiple displays within a confined space... 
they are the answer to those problems in design where 
circular tubes make equipments excessively bulky. 


FOR A SCAN RADAR 
AND INSTRUMENT 
APPLICATIONS 


+1 easily stacked 
Aes for multiple trace 


ees COMparison 





Deflection : Electrostatic, | 


TYPICAL OPERATING CONDITIONS 





: : | 
symmetric or asymmetric. | 





Vp : 6.3 volts. Vis V2 | Val | Ys | Deflection Sensitivity 
ta = O35 amp. | 600 to | —25t0 | x. Sy 
Base : BI4A. | 5,000V | 700V | 1,800V | _70V O.19mmiV O2ienmiV 




















The DG/I6-2! has a green luminescent medium persistence screen. Versions with other screens are contemplated and your comments are invited. 





See Mullard Cathode Ray Tubes and Valves on 


STAND No. 23—BLOCK F 


BRITISH INSTRUMENT INDUSTRIES EXHIBITION 
Earls Court, 28th June to 9th july 





Mullard 








[Mullard) MULLARD LTD., COMMUNICATIONS & INDUSTRIAL VALVE DEPT., CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C2 


ELECTRONIC ENGINEERING 70 


MVT 173 B.I.1.E 


JUNE 1955 








ELECTRONIC ENGINEERING 


VOL. 27 


JUNE 


No. 328 


1955 


Commentary 


HE death of Professor Albert Einstein at Princeton, 

New Jersey, on April 18, deprived the world of, 
perhaps, the greatest scientist of modern times, a man of 
a stature such as few reach in any generation. Indeed, 
when looking for a comparable scientific intellect, it is 
necessary to turn to such as Newton. But Einstein was not 
only a great scientist, he was a great and good man; a man 
who believed in, and worked for, peace among men. Yet 
he was, withal, modest and retiring. 

Albert Einstein was born, of Jewish parents, at Ulm in 
Wiirttemberg in March 1879 and was of comparatively 
humble beginning, his father having a small electro- 
chemical factory. His early years were spent in Munich, 
Milan, Ziirich and Berne, and at this time he was far 
from being an outstanding scholar; he confessed, in fact, 
to being “extremely stupid” at learning by rote. From 
the age of 17 to 21 he studied at the Swiss Federal Poly- 
technic School in Ziirich, following the course prescribed 
for a teacher of physics and mathematics. Owing, in part, 
to his ancestry, he had difficulty in obtaining a teaching 
post and in 1902 he was appointed as a technical assistant 
in the Swiss Patent Office. Three years later, in 1905, while 
still employed at the Patent Office he made his first major 
contributions to theoretical physics. 

Einstein had earlier simplified Boltzmann’s theory of 
the random motions of the molecules of a gas, and in 
1905 he applied this to the “ Brownian movement ”—the 
movement of microscopic particles suspended in a fluid, 
that is caused by molecular bombardment. 

In the same year he advanced a new theory of the 
photo-electric cffect which has exercised considerable 
influence on the modern quantum theory of light. It was, 
in fact, his work in this field which, seventeen years later, 
won him a Nobel prize. 

It is, however, the theories of relativity with which his 
name is mainly associated and, in this same momentous 
year, the “Special Theory of Relativity” was published. 
In this he deduced, among other things, a relationship 
between mass and energy and showed the conditions under 
which one could be converted to the other. For this work 
he may well be called the “ Father of Nuclear Physics ”, 
for it is on these facts that the whole of atomic energy and 
machines such as the synchroton depend. 

The “General Theory of Relativity” was published in 
1916 and this took into account the effects of gravitation 
and acceleration, and the bending of light rays by gravity. 

From the time of his early publications until 1933 
Einstein occupied a number of professorial posts in 
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Europe. In that year the purge of Jewish scientists in 
Germany decided him to leave the country and he accepted 
a Professorship at the Institute of Advanced Study at 
Princeton, a post which he held until 1945. 

In 1949 he advanced a “ Unified Field Theory” which 
is an attempt to explain the relationship between all 
physical laws and, in particular, to establish a mathematical 
link between the effects of gravity and those of electricity 
and magnetism. This theory still remains to be proved or 
disproved and it will, doubtless, be many years before the 
true worth of the whole of the work of Einstein can be 
correctly evaluated. That its worth is very great is, how- 
ever, beyond doubt. 


s * s 


The official opening of the BBC’S very high frequency 
transmitters at Wrotham last month is the beginning of a 
new chapter in sound broadcasting in this country and, 
at long last, promises improved reception in the London 
area and South East England. 

As is well known, reception of the BBC’S sound broad- 
casting services has been very unsatisfactory in many areas 
in this country since the war, due principally to the over- 
crowded state of the medium and long wave bands. 
Equally well known have been the BBC’s plans to over- 
come this congestion by the building of a network of 
v.h.f. frequency modulated stations. These plans were laid 
down shortly after the war, but economic difficulties pre- 
vailing at the time prevented their being put into opera- 
tion and it is only now that the first of the v.h.f. stations 
has been brought into regular service. 

For those listeners whose reception has been unsatis- 
factory and whose broadcast receiver is due for replace- 
ment, a new v.h.f. receiver will provide the solution. The 
radio industry has been keeping in step with the BBC 
during the development of the v.h.f. network, and has pro- 
vided a range of suitable receivers, some of which made 
their debut at the Northern Radio Show held in Man- 
chester at the beginning of last month. 

The need at the moment is obviously a receiver which 
will not cost much more than present types, to provide 
interference-free reception in areas where previously it did 
not exist. 

In the main séts of this type are standard multi-band 
receivers with an additional band of 88-100Mc/s arranged 
for reception of the frequency modulated transmissions. 
As such, they will probably be the general pattern for 
some time until the industry has “sampled the market.” 
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An Infra-red Radiation Pyrometer 


For Measuring the Surface Temperature of Brake Linings 
By R. A. Bracewell* 


The study of brake performance and the development of brake linings to withstand the high tem- 
peratures experienced with modern motor car brakes calls for a means of measuring the actual 


surface temperature of the friction linings. 


This article describes the application of the lead 


sulphide cell to this problem. Pulses of heat radiation are detected as they radiate from the 
lining through a small slot in the brake drum. These pulses are amplified and displayed on a 


c.r.t. where they are compared with pulses from calibration lamps. 


35mm film records the 


comparison of the pulses. Lining temperatures of over 1 000°C have been recorded. 


ha the investigation of the performance of brakes and 
brake linings, both on the road and in the test laboratory, 
it has been usual to note the temperature of the brake drum 
surface which is in contact with the brake lining. 

There are two good reasons why the brake drum surface 
temperature is a very poor indicator of the duty required 
from the brake lining : — 


(1) Owing to the arc of contact of the lining being 
roughly only two-thirds of the drum circumference. 

(2) Most brake linings are poor conductors of heat and 
the shoe to which they are attached has very little 
chance of dissipating heat. On the other hand, the 
brake drum is a very good conductor and has every 
chance of dissipating its heat into the surrounding 
air stream. 


Because of these conditions there is a steep temperature 
gradient on each side of the braking surfaces, but the drum 
surface is much cooler than the lining surface, especially 
under dynamic conditions. 

It is, therefore, desirable to be able to indicate the actual 
lining temperature with a detector which has a very rapid 
response. 

Owing to the lining surface being entirely covered by 
the drum, radiation from the lining through a hole in the 
drum would appear to be the only method possible. In the 
past, thermo-couples have been embedded in the lining, 
but the very high temperature which exists on the surface 
of the lining cannot be indicated by any indicator below 
the surface, as the temperature 
gradient near the surface of the lining 
must be very steep. 

By use of the lead sulphide cell 
as a detector of radiation, it is possible 
to detect the radiation on the surface 
temperature of the lining as it radiates 
through a jin diameter hole in the 
drum and to obtain a series of sharp 
pulses which can be calibrated in 
terms of temperature. The lead sul- 
phide cell is, however, not entirely 
suitable for use as a direct detector 
owing to drift and change of sensi- 







INERTIA TEST MACHINE 


If, however, the cell is used as a comparator and only 
subject to flashes of radiation which will not overheat the 
film of lead sulphide, then stable results can be obtained 
and all the advantages of this type of cell can be employed. 

These advantages are: — 

(1) High sensitivity particularly to infra-red radiation. 

(2) High speed of response (40usec). 

(3) Long life. 

(4) Simplicity. 

(5) Freedom from microphony. 

(1) and (2) are particularly important in the present 
application; high speed of response being very essential to 
the investigation of the brake lining surface temperatures 
under dynamic conditions, when the stopping time may 
be only 3 or 4 seconds and one of several flashes of radia- 
tion are to be indicated every revolution of the brake drum. 
For instance, at 60 m.p.h. using an average size car wheel, 
the speed of rotation is 775rev/min or 12-9rev/sec, and 
if one hole is used in the brake drum through which to 
view the radiation the frequency is nearly 13c/s, and if the 
one hole is jin wide and +in long the duration of the pulse 
is approximately Imsec. 

(3) and (4) are very desirable characteristics. 

(5) Freedom from microphony is very necessary as con- 
siderable vibration is bound to be encountered when work- 
ing with high speeds pressure and deceleration. With the 
lead sulphide cell vibration does not give any interfering 
signal as used in this application. 


FRICTION LINING ON BRAKE SHOE 
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A schematic diagram of the complete apparatus is shown 
in Fig. 1. 

The very fact that the radiation is chopped up by being 
viewed through a hole or holes in the drum overcomes the 
over-heating of the cell which would be experienced by 
any direct viewing methods. Except for radiation from the 
hot drum, which is overcome by having the wheel rim in 
place with a second slot, which permits only the radiation 
from the lining to reach the cell. 

The use of the cell as a comparator has been achieved 
by having a series of calibrated lamps rotating and radiat- 
ing on the cell which give a series of pulses in the form 
of a step-ladder. These pulses are calibrated in temperature 
and can be compared with the actual temperature pulses 
obtained from the surface of the brake lining. 

The calibrating lamps, nine in number, are mounted on 
a disk which is driven by a motor at 167rev/min. The 
lamp disk is divided into ten equal spaces, nine of which 
contain a lamp and in the tenth space there is a large 
hole in the disk. The disk is so arranged that at a turn of 
the switch it will either rotate, or stop with a hole opposite 
the telescope from which the cell views the radiation from 
the brake lining through the hole in the disk and the hole 
in the brake drum. 

The output of the cell is fed into an amplifier and dis- 
played on a cathode-ray tube. The display is photographed 
by a moving film 35mm camera. 

By using the comparator method the sensitivity of the 
cell or the gain of the amplifier does not affect the calibra- 
tion, as if these vary they affect the signal and the 
calibration step-ladder to the same extent, and it is only 
necessary to adjust the overall sensitivity of the amplifier 
to give the desired size of the picture from the signal and 
the calibration will still be correct, although the top of 
the ladder, i.e. the higher temperatures, may be out of the 
picture if the signal does not require the full calibration 
range. 

It follows that drift and changing sensitivity, except of 
very short duration, do not affect the calibration. In the 
instrument described the calibration range is from 600° to 
1 400°C in nine steps of 100°C. 

Applying the pyrometer to the flywheel type of test 
machine, the cell is mounted in a lin diameter bronze tube 
of heavy section which is a push fit in the end of the 
telescope which is focused on the brake lining. 

On this test machine, a cycle time switch performs the 
following operations : — 

(1) BRAKE OFF. 

(2) CLUTCH IN and motor acceleration. 

(3) CLuTcH ouT (free-wheeling). 

(4) BRAKE ON. 


This cycle can be repeated at any desired frequency 
from one cycle every 4 minute to as long as required. From 
CLUTCH IN until just before brake, the calibrating lamp disk 
is arranged to revolve, and just before BRAKE ON the disk 
stops with the hole in line with the telescope and the lining. 
This is controlled by a separate switch on the time switch 
assembly and is adjustable. 

In order to economize in film, the camera is controlled 
by a hand operated on and off switch to the film drive. 
Several sweeps of the calibration ladder are taken between 
stops and the whole of the deceleration signals are recorded. 

A second cathode-ray tube without time-base is used 
for the camera so that the display can be observed con- 
tinuously on the original scope. Owing to the retardation 
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the temperature signals are not always synchronized on the 
monitor scope as it is not practical to adjust the time-base 
frequency during a stop, but this is not of importance as 
the moving film ensures that the display is correctly 
formed in the photographs. The speed of response is such 
that with a film speed of lin/sec the pulses from the actual 
lining radiation are sharp vertical lines and it is only on 
the last revolution or so that these appear to have any 
width, i.e. when the drum is almost stopped. (See Fig. 2.) 
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Fig. 2. Series of six stops made from 60 m.p-h. 
Maximum temperature on 6‘ stop is 1 050°C. 
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Mechanical Set-up 

The main details of the mechanical layout are shown in 
Fig. 1. : 

A Satchwell Control geared motor was used to drive the 
lamp disk. Most of the gears were removed to obtain a 
speed of 167rev/min. The motor is mounted on a channel 
bracket which carries the telescope, the eyepiece of which 
can be exchanged for the lead sulphide cell in its holder 
(see Figs. 3 and 4). This arrangement ensures that the 
calibrating lamps are always at a fixed distance from the 
cell. A small motor and switch operated friction drive to 
the outer edge of the disk is used to arrest the stopping 
disk and rotate it until the large hole is opposite the tele- 
scope. This takes place automatically when the Satchwell 
motor is switched off. The operation is completely auto- 
matic, a special power pack being so arranged that the 
disk stops just before the brake is being applied and runs 
again when the flywheel is accelerated for the next stop. 

This assembly is mounted on a radial bracket which can 
be rotated so as to view any part of the lining and so we are 
able to observe the temperature over the full length of 
the lining, which owing to the geometry of the shoe, 
would be expected to show different results. 
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Fig. 3. The lamp disk viewed from the rear showing the cell in its 
mounting 


Amplifier 

The amplifier, which is shown in Fig. 5, is direct coupled, 
this arrangement giving a straight base line to the pulses. RC 
coupling was tried, but this gave the effect illustrated in Fig. 6. 
The areas above and below zero being equal, the shorter 
the pulse frequency, the deeper the line below zero. D.C. 
restoring circuits were tried, but it was not found possible 
to obtain a straight base line, owing to the variation in 
frequency caused by the deceleration. With a d.c. coupling, 
the base line is very satisfactory and this is most important 
as the whole basis of the calibration is the comparison of 
the height of the pulses above the base level. 

The cathode-follower valve V, enables the input to the 
amplifier to be made at zero d.c. level and the adjustment 
of the 50kQ potentiometer in the cathode of V, gives this 
condition. 

As the volume control is at zero d.c. level, adjustment 


Fig. 4. The brake drum and lamp disk 


of this control does not affect the position of the trace, on 
the c.r.t. provided the d.c. level control is correctly adjusted. 

The 120V dry battery and 820k) series resistor are 
housed in a screened box to avoid 50c/s pick-up and con- 


Fig. 6. Effect of RC coupling 


nected to the cell and the amplifier by coaxial cable with 
plugs and sockets. 

The 560k grid resistor on V, is placed on the valve leg 
to chassis and earth, and while this reduces the signal, it 
also entirely eliminates any 50c/s hum. 

The amplifier is fairly free from drift, but slight drift 
is not important in this application, as the Y position con- 















































































































Fig. 5. The amplifier circuit 
The lead sulphide cell is a B.T.H. type M2. All resistors are high stability type. 
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central picture on the monitor- 
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are taken. 


Calibration 


For this purpose the drum 
and wheel rim were set up on 
a lathe with the open side of the drum towards the saddle 
and the pyrometer with calibrating disk was set up at a 
given distance from the brake lining surface, in this case 
(7in). A heat source was used in place of the lining and 
this consisted of a piece of platinum foil 0-00lin thick, 
about 4in wide and 14in long, which was mounted in a 
U-shaped holder and as near the drum as possible. This 
was so arranged that both sides of the platinum can be 
used, one side to radiate in the same manner as the heated 
brake lining and the other side can be inspected by an 
optical pyrometer to check the temperature of the heat 
source. 

The platinum is heated electrically, 2V giving a maxi- 
mum true temperature of approximately 1 400°C and taking 
about 45A. This current is fed from a 230 to 2V trans- 
former and an auto transformer gives the necessary con- 
trol of the platinum foil temperature. The readings of the 
optical pyrometer (Foster Disappearing Filament type 
2571/3000) were corrected for black body conditions. The 
lowest reading on the Foster Optical Pyrometer is 700°C 
and the current through the platinum was found to be 
linear with corrected temperature so that by continuing 
the current to temperature graph the calibration was 
extended down to 600°C and then by direct observation 
up to 1 400°C in 100°C steps. 

Calibration was taken with a brake drum speed of 
165rev/min. All the lamps but the one to be adjusted to 
give a calibration of 1400°C were masked and the heat 
source was adjusted to 1400°C (true temperature) and the 
lamp variable resistor adjusted to give the same signal, 
which was set at 2in deflexion on the tube by adjustment 
of the amplifier gain; each lamp was so adjusted in turn 
against the corresponding calibration temperature of the 
platinum source. 

The results were checked by taking a series of photo- 
graphs of the display of the heat source and the corre- 
sponding lamp, as the observation of the pulses on the 
cathode-ray tube cannot be done with precision. 

The hole in the brake drum was tin wide and tin long 
and a corresponding hole was made in the wheel rim. 
The reasons for having the wheel and rim in place were 
to ensure that the cooling on the test machine was the 
same as on the road, and to give a flat base line to the 
trace on the cathode-ray tube—if the cell were to look 
at the hot drum the base line of the trace would be deflected 
when the temperature of the drum rises high enough to 
be detected by the cell and as the height of the pulses 
above the base line is the basis of the calibration, it is 
convenient to use the rim as a shield from the hot drum. 
In addition, a fan is geared to the main drive so as to blow 
air on the drum at a velocity equal to road speed. 

35mm film was taken of the pulses of the heat source 
and of the lamps. This was projected on to graph paper 
in order to check the pulse heights. (See Fig. 7.) Table 1 
gives the results. 

A nomogram based on Wiens formula and supplied by 
Elliot Bros. (London) Ltd. was used to convert from 
observed temperature to true temperature. 
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Fig. 7. Print of film of calibration of infra-red pyrometer 600°C to 1400°C in 100°C steps 














Centre part is signal from platinum heat source. Step ladder on each side is signal from lamps. 
TABLE 1 
IMAGE HEIGHT (mm.) | ERROR PERCENTAGE 
TEMPERA- ] | (mm.) ERROR 
TURE PLATINUM LAMPS | Op 
FOIL HEAT 
SOURCE | 
1 400 212 205 —7 —3-3 
1 300 169 171-5 | +2:°5 +1-5 
1 200 142°5 145 +255 | + 1-8 
1 100 in? 113 +05 | +-0-45 
1 000 84 84-5 +0-5 +0°59 
900 59 61 | 2 +3-4 
800 37 37 Nil — 
700 22 20:5 —1:5 —69 
600 10 10 \ Nil ao 














Table 2 shows the relation between true temperature, 
observed temperature, and current through the platinum. 








TABLE 2 
TRUE | OBSERVED CURRENT 
TEMPERATURE | TEMPERATURE 
| (Black Body 
Conditions) 

(°C) | °C (A) 
600 | 590 | 21-9 
709 675 | 24:4 
800 760 27-0 
900 | 840 29:4 

1 000 | 935 30:0 

1 100 | 1 020 | 34-6 

1 200 gd | kThP 

1 300 E95 | 40:2 

1 400 1 285 44:5 











Brake Drum and Radiation Slot 

Drum 9in diameter, 14in wide. 

Slot 4in by 3in formed by drilling two }in round holes 
4in apart and opening out to a slot. 

Considering a 4in band around the drum: 





Area of plain band 6-88in 97-6 per cent 
Area of slot 0-17in 2-4 per cent 
7-05 in 100 per cent 





The reduction in area of the drum of 2-4 per cent is not 
considered large enough to affect the results; actually, this 
would result in a slightly lower lining temperature, but is 
so small that it is felt it can be disregarded. 


Heater Circuit for Calibration Lamps 

These are run from a.c. through a 6V transformer fed 
by a constant voltage transformer. 

A sensitive rectifier voltmeter is provided and a resist- 
ance to set the input to the lamp circuit to SV. 
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A Very High Input Impedance Oscilloscope | 
Probe Unit 


By G. O. Crowther*, B.Sc., A.C.G.I. 


This article describes a probe unit with a very high input impedance primarily developed to assist in 

investigations into the behaviour of cold-cathode trigger valves. It is capable of responding to large 

and rapid potential changes. The output is suitable for direct connexion to an oscilloscope or to a 

voltmeter to give a direct reading of the mean d.c. potential at the input. The probe unit should 

have many applications in other spheres of work either as an oscilloscope probe or a high impedance 
voltmeter. 


[N nearly all investigations into the behaviour of cold- 

cathode tubes operating under dynamic conditions, it is 
essential to be able to measure the potential and observe 
potential changes of electrodes which have a very high 
impedance to earth. The impedances involved are gener- 
ally too high to permit direct connexion of an oscilloscope 
or standard moving-coil voltmeter and may have a value 
anywhere in the range 10® to 10122. 

The probe unit has been made up in two sections: 
(1) a small input probe, and (2) the main unit and output 
section. In order to obtain a compromise between speed 
and input impedance requirements, two types of probe 
heads have been designed with the following general 
characteristics: (a) very high input impedance with a 
comparatively slow speed of response, and (b) high speed 
of response but with a lower input impedance. 

The circuits have been designed to meet the following 

_ Specification : 
Input Impedance 

The input should be regarded as a constant current 
generator in parallel with a very high leakage resistance. 
In practice, the leakage resistance is very high and may be 
neglected compared with the constant grid current, which 
for the fast probe is 10-°A, and for the high impedance 
probe 2 x 10°%A. 


Voltage Input Range 

The probe is capable of measuring direct voltages in 
the range — 300 to +650V and will respond to a rapid 
change of 200V anywhere in the above d.c. range. 


Speed of Response 

The high speed probe responds to a rate of change of 
50V / sec, while the high input impedance probe responds 
to a rate of change of 5V/ sec. 


General 

Accuracy of voltage measurement is +1 per cent for 
voltages greater than 100V. Below this voltage it is +1V. 
The input capacitance is in the region of IpF, and the 
output impedance of the order of 1509. The drift of zero 
setting is 0°3V in the first half hour, further changes being 
less than 0°1V. 


Basic Circuit 
The circuit employed is essentially a cathode-follower 
using an electrometer-type valve to obtain the required 


high input impedance. Because of the small permitted 
anode voltages, an electrometer valve cannot be employed 





* Mullard Radio Valve Co. Ltd. 
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in a simple cathode-follower circuit giving a wide range 
of input voltages. The maximum anode voltage for the 
ME1401 is 10V. This small anode voltage limits the input 
variations to a few volts. Circuits of high input impedance 
voltmeters which have overcome this difficulty have been 
described in the literature!-?. These circuits may be 
adapted to an oscilloscope probe unit, and Figs. 1 and 2 
show series and parallel arrangements respectively. 


Fig. 1. Series circuit 








Consider first the circuit shown in Fig. 1. The valve V, 
is an electrometer valve, and V, is a normal receiving- 
type valve. Both V, and V, are wired as cathode-followers, 
V, having V, as a cathode load. The first cathode- 
follower V, acts as the signal input and output in the 
normal manner. The function of the second cathode- 
follower V, is to maintain the anode-to-cathode voltage 
of V, at a constant value E independent of the input 
voltage. The input to the grid of V, is taken from the 
output of V, with the constant voltage E superimposed. 
This circuit therefore retains the very high input im- 
pedance associated with the electrometer valve for the 
wide range of input voltages for which the cathode- 
follower V, maintains the anode-to-cathode voltage of V, 
substantially constant. 

The maximum rate of change of the input voltage to 
which the circuit is capable of responding is set by the 
maximum permissible current of the electrometer valve 
V, and the stray capacitance to earth at the cathode of 
V,. (This capacitance includes the stray capacitance to 
earth of the battery E.) If this maximum rate of change 
is exceeded, for a negative change, V, is cut off and the 
output voltage falls to the new steady value at a rate 
determined by the circuit. For a rise in excess of the 
maximum value, the valve takes excessive current and the 
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Fig. 2. Parallel circuit 


input impedance is considerably reduced owing to grid 
current. The maximum rate of change dV /dt, either posi- 
tively or negatively, may be calculated from the expression 


or the | ae 
> input | dt a 
— where Imax is the maximum permitted current of 
: "hs the electrometer valve 
wlth 2 and C is the total stray capacitance. 
’ In a mains-operated circuit, the stray capacitance C 
may be as large as 500pF and the maximum permissible 
| current of a ME1401 is 100,A. This gives a maximum 
rate of rise or fall of 0°1V/ysec, which is considerably 
below the required performance. 

However, a substantial gain in the speed of response 
may be obtained by using the circuit of Fig. 2. In the 
circuit of Fig. 2, V, is again an electrometer valve and 
V., a normal receiving-type valve. Both valves are again 
wired as cathode-followers, but in this case V, acts only 
as the signal input while V, acts as the signal output as 
well as providing the constant anode-to-cathode voltage 

> 
tput 








for V,. The large stray capacitance due to the battery E 
and any capacitance added at the output terminal in this 
circuit are charged and discharged by the comparatively 
large currents of V., which has not the stringent input 
impedance requirement of V,. The speed of response of 
this circuit is again limited by the stray capacitance at 
the cathode of V,, but by careful design this may be kept 
below 20pF, a factor of 20 to 30 below that of the series 
circuit. This parallel circuit is the basic circuit of the final 
probe unit. 


Details of the Complete Circuit 


The complete circuit of the probe unit is shown in 
Fig. 3. A number of additions to the basic circuit of 
Fig. 2 have been necessary in order to obtain the per- 
formance required. These additions are discussed in the 
following sections. 


CURRENT GENERATOR (V, and V,) 

It has been shown in the previous section that the unit 
will retain the very high input impedance of the electro- 
meter valve provided the second cathode-follower V, 
maintains the anode-to-cathode voltage of the electrometer 
valve V, substantially constant over the operating range. 
The working anode voltage of an MEI1401 electrometer 
valve is about 9V, and therefore anode voltage changes 
of about 1 or 2V only can be tolerated over the complete 
working range: this represents a required gain of at least 
0:99 for the second cathode-follower V,. A constant 
current generator V, has been added to maintain the 
cathode current of V, constant, and a floating stabilized 
voltage has been connected between screen and cathode 
of V, in order to obtain this required gain. It is only 
possible to obtain a gain of the order of 0:9 with the 
simple circuit shown in Fig. 2. 


Fig. 3. The complete probe unit 
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A second constant current generator V, has also been 
added to maintain the cathode current of V, constant, 
This current generator is not essential to maintain the 
high input impedance, but has been added to give a 
greater overall gain to the circuit, and therefore give 
greater accuracy of measurement. It also considerably 
simplifies the anode voltage supply E for V,, which is 
obtained from the V, screen voltage supply. This will be 
discussed in greater detail in a later section. 


“Set D.C. LEVEL” (R,,) 

To obtain the maximum speed of response from the 
circuit, and to ensure that the electrometer does not receive 
excessive transient anode voltages when sharp voltage 
changes are applied to the input, the output cathode- 
follower must be capable of a more rapid response than 
the input cathode-follower V,. To obtain the required 
speed of response, in spite of the large stray capacitance 
at the cathode due to the floating screen supply, the 
cathode current of V, must be at least 20mA. To obtain 
the wide operating range quoted in the specification, a 
valve with high values of gm and r, capable of with- 
standing an anode-to-cathode voltage of 1°2kV with an 
anode dissipation of 24W is .required. No such valve 
was available, and for this reason it has been necessary 
to use the PL83 and to keep the maximum anode-to- 
cathode voltage of V, below 300V, restricting the range 
of operation to 200V on the input. This would be a severe 
restriction on the use of the probe, as it would only allow 
variations of +100V about a predetermined voltage. To 
obtain a wider range of operation, arrangements have 
been made to vary the predetermined voltage by floating 
the whole circuit on a variable supply connected between 
the negative line of the circuit and earth. The variable 
supply is made up of MR,, C;, C., Ris, Ry. and Ryo, the 
rectifier MR, is part of a protection circuit, and normally 
may be regarded as a direct connexion to earth. The 
voltage is varied by the potentiometer R,, and may be 
either positive or negative, dependent on the position of 
switch §,. This additional circuit allows the centre value 
of the 200V operating range to be varied to any value 
in the voltage range — 200 to +600V. 


THE Prope HEADS 

Two probe heads have been designed for use with the 
main unit, a very high input impedance probe and a high 
speed probe. As stated earlier, this was to obtain a com- 
promise between the input impedance and speed of 
response requirements. 

The very high input impedance probe is shown in detail 
in Fig. 3. It employs an ME1401 for the electrometer 
valve V,. The small filament battery employed is the 
“ penlite ” size Mallory mercury cell RM 502. These cells 
have a useful working life of about 150 hours in the 
circuit. A larger battery could be employed, but unless 
care is taken the speed of response may be reduced owing 
to a larger stray capacitance to earth. Under normal 
conditions the electrometer valve has an anode-to-cathode 
voltage of about 10V and an anode current of approxi- 
mately 50,A. The input impedance is best stated as a 
constant current fed into the circuit under investigation 
of 2 x 107A. This current, which is due to grid current, 
is independent of input voltage changes over the operating 
range, since the electrode potentials and anode current are 
maintained substantially constant. 

The high speed probe head is similar to the high input 
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impedance probe except that a selected EF86, connected 
as a triode, is used for the electrometer valve. The valve 
is run with a heater voltage of 5°5V, taken from the 
winding cc on the mains transformer. Under normal 
conditions the anode-to-cathode voltage is 80V, the anode 
current ImA, and the current fed into the circuit under 
test approximately 10-°A. 

The heater voltage of the EF86 has been lowered from 
63 to 5‘S5V to reduce the component of grid current due 
to grid emission. However, with the 1mA of anode current, 
the grid current is mainly due to gas current and there- 
fore no further reduction in this current can be obtained 
by reducing the heater voltage to the 4°5V normally 
recommended for electrometer applications. A consider- 
able fall in speed of response would also be experienced 
with a heater voltage of 4:5V owing to the low cathode 
emission. 

It should be noted that in order to obtain the very 
small values of grid current quoted above for the EF86, 
the valve should be aged for a period of at least 30 minutes 
at an anode current of ImA if it has been idle for a 
period in excess of a few days. This is necessary to clean 
up the small quantities of gas which are liberated under 
idle conditions and which would cause excessive grid 
current for this application. 

As stated earlier, the anode voltage for the electro- 
meter valves is obtained from the floating screen voltage 
supply for V.. Since the anode current to the electro- 
meter is maintained constant over the operating range, 
the required anode voltage can be obtained by inserting 
a dropping resistor from the 150V screen voltage line in 
series with the anode of V,. If the electrometer current 
is not kept constant, it is necessary to add a further 
stabilizer to obtain a steady anode voltage for the high 
speed probe head. The capacitor C, maintains the anode 
voltage constant during a rapid input voltage change. It 
should be noted, particularly in the case of the high 
impedance probe, that the grid-to-cathode voltage of V. 
also forms part of the anode-to-cathode voltage of V;. 
The required anode voltage and current is selected by the 
switch §,. 

The output from the probe head is taken to the main 
unit via a coaxial cable; the inner conductor carries the 
input to V. and the outer conductor the anode voltage 
for V,. There is very little loss in the speed of response 
due to this long lead, since the voltage between the inner 
and outer conductor is maintained substantially constant 
and therefore the effective capacitance seen by the cathode 
of V, is almost zero. 


THE OUTPUT CIRCUIT 

The oscilloscope output is taken from the cathode of 
V., as in the basic circuit, and is suitable for direct con- 
nexion to any standard oscilloscope. The effective output 
impedance is approximately 1500. It should be noted, 
however, that owing to an electrometer valve protection 
circuit erroneous results may be obtained if a d.c. path is 
connected between the output terminal and earth which 
takes a d.c. current in excess of 50,A. 

An indicator circuit has been added to indicate when 
the “ set d.c. level” control is set to give the centre of the 
operating range. The circuit is a simple gas diode relaxa- 
tion oscillator, which indicates when the output to negative 
line voltage exceeds the breakdown voltage of the diode. 
The limits to the operating range occur when either of 


JUNE 1955 





Jt 


nected 

valve 
n the 
ormal 
anode 
under 


from 
it due 
rrent, 
there- 
ained 
mally 
sider- 
enced 
thode 


very 
iF 86, 
nutes 
for a 
clean 
inder 

grid 


ctro- 
ltage 
ctro- 
inge, 
rting 
e in 
rent 
‘ther 
high 
10de 
p.. It 
high 
Vz, 
Ve. 
the 


lain 

the 
lage 
ynse 
ner 
‘fant 
ode 


of 
on- 
put 
ed, 
ion 
1 is 
ich 


len 
the 


ive 


Je. 
of 


55 





the valves V, and V, is driven into the “knee” of its 
anode characteristic, i.e. when the output to the negative 
line voltage is either 90V or 380 — 90 = 290V. A small 
indicator diode has been selected with a breakdown voltage 
of 180V which is equivalent to the centre of the operating 
range. 

Owing to the limited d.c. load which may be applied 
to the output, a voltmeter with 4 100,A movement has 
been incorporated in the units made up for the laboratory 
to give a direct indication of the mean voltage at the 
input. This meter has the following voltage ranges: 0 to 
100, 0 to 300, 0 to 1000, 0 to —300, 0 to —100V. The 
meter resistors were made up of high stability resistors 
wired as shown in Fig. 3 to keep the effective stray capaci- 
tance at the cathode of V, as low as possible. The volt- 
meter circuit is taken from the potentiometer R, connected 
in series with the valves V, and V, to obtain a correction 
for the constant positive voltage which exists between the 
input and the cathode of V,. This positive voltage is equal 
to the sum of the grid-to-cathode voltages of V, and V,. 
The potentiometer R, is employed as the “set zero” 
control and is normally set with the circuit operating at 
the centre of the operating range. 

The accuracy of voltage measurements is about 1 per 
cent for all voltages in excess of 100V, either positive 
or negative, at any point in the operating range. The 
accuracy of measurement for voltages below 100V is 
dependent on the position in the operating range at which 
the measurement is made, and is about +1V under the 
worst conditions. An accuracy of 1 per cent can, however, 
be obtained for these voltages if the measurement is made 
at the same point in the operating range at which the 
“set zero” control was set. Under these operating con- 
ditions the voltages and currents existing in the circuit 
are substantially the same as those present when the “ set 
zero” control was set. This may be readily carried out by 
taking the measurement and setting zero at the centre of 
the operating range as indicated by the neon indicator. 


THE ELECTROMETER VALVE PROTECTION CIRCUIT 

Under certain conditions of input and settings of the 
“set d.c. level” control, it is possible for the electrometer 
valve to pass several milliamperes of grid current. To 
prevent damage to the electrometer valve, a protection 
circuit has been added to limit the grid current under 
these conditions to 200 to 300yA. 

Consider for the present that the rectifier MR, is short- 
circuited and the input to the probe is connected to a low 
impedance supply of, say, 600V. The circuit will behave 
as already described, provided the “ set d.c. level ” control 
is correctly set. However, if this control is set such that 
the valve V, is driven well into the “knee” of its anode 
characteristic, then the constant current from the anode 
of V, cannot flow to the anode of V., but flows to the 
grid of V,, via the grid of V,. This grid current is only 
limited by the resistor R,, and may be as large as 3 or 
4mA. The rectifier MR, is connected such that under the 
above conditions it presents a very high impedance between 
earth and the potentiometer, R,, limiting the grid current 
to a safe value. Under normal conditions of use, the 
rectifier is held in its low impedance condition by a small 
forward current from a negative supply made up of 
MR,, MR;, Cy, Cro, Cir» Rois Reo- 

The grid current which flows under the above con- 
ditions with the rectifier in the circuit is given by the 
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where i; is the forward current in the rectifier MR, 
under normal conditions. 


Ein is the input voltage. 

E; is the voltage existing between the common 
negative line and the cathode end of the 
rectifier MR, (the “set dc. level” 
voltage). 

R is the effective resistance between the common 
negative line and earth (the back resistance 
of the rectifier MR, in parallel with the 
effective d.c. resistance of the negative 
supply (MR,, MR,, etc.). 

iac is the magnitude of any current flowing from 
the output terminal to earth due to the 
meter or other d.c. path. 


It will be seen from the above expression that it is 
desirable to keep the normal forward current i; of the 
rectifier MR, as small as possible. However, it is essential 
that this forward current exceeds the maximum value 
of any current iac which may exist. This current will vary 
dependent on the meter range or other d.c. paths con- 
nected to the output. The return path for these currents is 
through the rectifier and the direction of flow is the same 
as for the grid current. Therefore, if the forward current 
of the rectifier is insufficient, the rectifier will present a 
high impedance even under correct operating conditions, 
causing unreliable results. 


ZERO DRIFT 
The zero drift during the first half hour is 0°3V and 


afterwards is less than 0°1V using the high speed probe. 
There is an additional drift when using the high input 
impedance probe owing to the slow discharge of the 
filament battery. This drift is about 0°3V for a change 
of battery voltage from 1°25 to 1V. In practice, using the 
Mallory cell, this is not serious. 


Construction 

The main unit is housed in a small Imhof case type 
1050 measuring 10in x 7in x 6in. The probes are 
made up in small paxolin cases measuring Ijin x Ijin 
x 34in for the high speed probe and 2}in x Ijin x 
3in for the high input impedance probe. The input 
insulation of both probe heads is made up of polished 
polystyrene to obtain the high insulation required. Protec- 
tive metal plates have been placed in front of the 
polystyrene, spaced a small distance away, to prevent 
fingerprints, etc., appearing on the polished surface. 


Conclusion 

This probe unit should have many applications, not 
only in the cold-cathode field but also in any application 
where high impedances are encountered and where it is 
required to observe rapid voltage changes on an oscillo- 
scope. The probe unit has been invaluable in all investi- 
gations on cold-cathode trigger tubes where the impedances 
encountered are often greater than 1MQ. 
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A Design Method 
For Direct-Coupled Flip-Flops 


By W. Renwick*, M.A., B.Sc., and M. Phister*, Ph.D. 


A method is developed for designing a flip-flop which will be stable with a given tolerance on 

resistors, voltage supplies and valve characteristics, which is a requirement for a flip-flop for use 

in a high-speed digital computer. It is shown that when the supply voltages are not fixed by other 

considerations the principal time-constant of the circuit can be minimized by properly choosing the 
supply voltages. The method is applicable to all direct-coupled switching circuits. 


A FLIP-FLOP or bistable trigger circuit which is to be 
used in an electronic computer must satisfy two 
important conditions: 


(a) Stability: changes in the characteristics of valves or 
of other circuit parameters must not affect the stability of 
the flip-flop. In particular, a flip-flop built from standard 
(that is, not specially selected) valves and resistors must 
be stable, and variations of the characteristics of these 
components within’ certain limits should not make the 
circuit unstable. 


(b) Speed: when changing from one state to the other 
the circuit must reach equilibrium in as short a time as 
possible. Furthermore, it is usually desirable that all 
transients die out in the interval between the end of one 
switching pulse and the beginning of the next. 





“06, 





—oO~F> 





Fig. 1. 


The flip-flop circuit 


The purpose of this article is to describe a systematic 
method for designing the flip-flop of Fig. 1 for use in an 
automatic computer. This circuit was chosen from the 
number of well-known flip-flop circuits because of its 
simplicity and symmetry. 

The design problem will be solved in three stages. First, 
non-varying components will be assumed and an “ideal” 
flip-flop developed. Second, the circuit will be redesigned 
so that it remains stable when resistors, valve charac- 
teristics and h.t. voltages vary within certain limits. Both 
of these problems assume that E, and E, are fixed, and 
that values must be given to R,, R,, and R;. Finally, a 
method will be developed for choosing E, and E, so that 
the principal time-constant of the circuit is minimized, and 
the resulting “optimum” flip-flop is still stable regardless 
of parameter variations within the given tolerances. 





* The University Mathematical Laboratory, Cambridge. 
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The Ideal Flip-Flop 


The conditions for stability of the circuit of Fig. 1 can 
be taken to be: 


_ E.R, - EAR, + R:) 


‘= > | a a ee 
Ves R, + R. + R; 7 a) 
(E, — iaR,)R, — E.(R R, 
Ve) = A tc e. 
1 2 3 


Here Vz,’ is the voltage that the grid cf V. would reach 
if that valve did not draw grid current and E, is the cut- 
off voltage of V, when its anode is at voltage E,. If the 
valves are identical and corresponding resistances are equal, 
as shown, the equations ensuring stability of the otber 
state are the same as equations (1) and (2). 

Two other relationships completely define the flip-flop. 
The first connects the anode voltage of the conducting 
valve with the other circuit parameters. 

Ve. = os a < -E, 
The final requirement is some information about the valve 
characteristic, although for the purposes of flip-flop design, 
it is not necessary to know the entire characteristic. If the 
circuit is operating correctly, each valve is either cut off 
or conducting heavily. If it is conducting, and equation 
(1) holds, grid current must flow. The grid voltage will be 
a function of the grid-current/grid-voltage characteristic 
of the valve, and at the limit of equation (1) will be slightly 
negative. The effect of grid current is shown in Fig. 2. 
The anode-current/anode-voltage characteristics for this 
grid voltage only need be considered, and in general this 
may be taken as the zero-grid bias characteristic. Even 
this curve will be eliminated from the present analysis, and 
a single point on it taken to contain the given data. Exactly 
how and why this point is chosen will be discussed later. 

In the ideal case. resistances and voltages remain fixed 
and equations (1), (2), and (3) may be written as equalities 
rather than inequalities. In other words, the circuit is 
designed so that grid voltages lie at exactly zero and —E.. 
The three equations may then be solved for i.R,, R,/R:, 
and R,/R,, the results being: 


RR, wm EA + E/E) = — — | sase's (4) 
R,/R, = E,(E, — E.)/E.V.a + E)-1 ..... (5) 
R,/R,; =(Va + E)/(E.-— Ec) wae aes (6) 
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R,, R,, and R, may now be calculated from equations 
(4), (5), and (6). However, in order to use these equations, 
V, and i, must first be determined from the valve charac- 
teristics. Generally speaking, a fast-switching flip-flop 
requires that R, be as small as possible, and for that reason 
i, and therefore V, must be chosen to be as large as 
possible. There is, however, a limit on the magnitude of 
V;. Since the ratio of two resistances must be positive, 
we can set equation (5) greater than zero and solve for Va: 


Va<E, — El + E,/E.) ........... (7) 


The entire design procedure may now be stated. First 
V, and i, are chosen from the zero-grid-bias characteris- 
tic, with V, as large as possible subject to equation (7) and 
to the maximum permissible cathode current or anode 
dissipation of the valve. E. is chosen as the cut-off voltage 
corresponding to anode voltage E,, and finally R,, R., and 
R, are calculated from equation (4), (5), and (6). 
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Fig. 2. The effect of grid current 


If such a circuit were practical, the time taken for it to 
change state would be very short. This time has been 
calculated by Tillman’. 


A Practical Flip-Flop 

A practical flip-flop is built with resistors and valves 
whose characteristics are determined only within certain 
tolerances, and it must operate with voltage supplies which 
change by an amount depending on the degree of stabiliza- 
tion provided. In this section a flip-flop will be designed 
which will be stable when built with resistors varying by 
+ p per cent of their nominal values, which will operate 
with voltages E, and E, each of which may change in- 
dependently by + q per cent; and which uses a valve whose 
characteristics may vary Over a wide range. 

Typical variations in characteristics for a group of sup- 
posedly identical double triodes (CV455 = ECC81) and 
pentodes (CV138 = EF91) are shown in Fig. 3. If a flip- 
flop is to be stable using any of these valves, it must be 
stable using the “worst” one, which is the valve with the 
smallest anode current for a given anode voltage. Con- 
sequently, in the following analysis V, is the anode voltage 
corresponding to an anode current in the worst valve. 
Exactly how V, and i, are chosen depends to some extent 
on p, q, E,, and E, as will be explained below. 
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Supposing for the moment that V, and 7, have been 
chosen, it is necessary to derive equations corresponding 
to (1), (2), and (3) that make the circuit stable even when 
all resistors and voltages have the worst possible values. 
The grid voltage of the conducting valve, given by equation 
(1), is lowest when E, and R, are low, and E,, R,, and R, 
are high. Under these circumstances we want the grid 
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Fig. 3(a). Variation of anode characteristic of CV445 (ECC81) 
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Fig, 3(b). Variation of anode characteristic of CV138 (EF91) 


voltage to be greater than zero, or in the limit exactly 
equal to zero. That is, 


E,R;(1 — pi -- q)- E(R, + R.)(1 + py +@ >0 (8) 
(R, + R.)(1 + p) + R,(1 — p) ‘ 


On the other hand, the grid voltage of the cut off valve is 

highest when E, and R, are high, and E,, R,, and R, low. 

Under these conditions the grid voltage must be less than 
or equal to — E,: 

R,(1+ plE,(1 +4) —iaRiC — p)] - EAR, +R») — py —9@) 

(R, + R.\(l — p) + R3(1 + p) 

< -E... (9) 








4 


247 ELECTRONIC ENGINEERING 








V.R(1 + p) — E,R,(1 — pl — 4) 





Seta i CAE es é < -E... (10 
R.(1 — p) + R;(1 + p) (10) 
These three inequalities may be solved as follows: 
from equation (8) we can write: 
(R, 3 R,)/R; se R,/R;(1 +R,/R.) aaa 
E,(1 - ~ 
oe eg... (11) 


E.(1 + pl + 9) 
where 6, >0. 
Solving equation (9) for i,R,, and substituting (R,+R,) R; 
from equation (11) we get: 
‘aR, 2 El * k,E,/E.)/(1 Fr p) = k.E, + 
k,E,6,(1 = q — E./E2) 
l-9, 
(i — py’ — 4) 
(1 + p)’*(1 + q) 
4(p + q)(1 + pq) 


(1 + p)*(1 — pil + q) 
From equations (10) and (11) we find 
kV + E.) ‘ 


i i. IOI Ed R, 2 > ia ARs 
~ . a E.(1 ™ q) = E, 





where k, = 


and k, = 


re (3) 
where k, = (1 + p)/(1 — p), 


and from the first and last parts of this inequality we find 
E,k (EAI — q) - E-) 


+R ee 
2 a Cc, 


(1 — 6,)... (14) 


where 6, > 0. 
Substituting from (14) into (11) 


kV, + E.(l — 8,) 





R./Rs = Ea EMIS) (15) 
and comparing this with (13) we see that 
1-—6,2>1-68, 
Wes ickkia Wal wick soi -vie 6 hs (16) 


As in the case of the ideal flip-flop, we must choose Va, is 
and E. before using equations (11), (12) and (14). If we 
set R,/R, equal to zero in (14), noting that 5, > 0, it is 
possible to solve for V,: 


bE (EAI - q)-E) 
i E, a —_ -_ © O98 eee 


The design procedure is therefore as follows. 


(a) Choose V, and i, to be as large as possible, subject to 
equation (17) and the maximum cathode current or anode 
dissipation of the value. E, is the cut-off voltage corres- 
ponding to anode voltage E,. 


(b) Find a minimum value for R,, using equation (12) but 
neglecting the last term, since 8, is not known. 

(c) From equation (14), find the minimum value for R, 
with the R, calculated in step (b). 


(d) Taking R, larger than this minimum, try various stan- 
dard values for R, and R,, making 5, in equation (11) 
positive and as small as possible. 


(e) A tentative choice of R,, R., and R, may be confirmed 
by making sure that: 


(1) 1-8, >1- 8, 


Vas 
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(2) The addition of the term  6,K,E,/(l — p) 
[1 — qg — E./E,] to i.R, does not make necessary 
a larger value for R, than that chosen in step (b). 


EXAMPLES 

We shall design two flip-flops using the triodes of Fig. 
3(a), and two more with the pentodes of Fig. 3(b). In each 
case we shall assume that E, = 150V and E, = 300V. 


(a) p = q = 0°05. Substituting E,, E., q, p, and E. = 10V 
into equation (18) we find, for the triode, Va<92V. 
Choosing V,=80V and i,=4:5mA, we calculate 
i,R,>60V from equation (12). With i, = 45mA, the 
nearest 5 per cent resistor satisfying this relationship is 
R, = 16kQ. Next, from equation (15) we find R,/R, 
<0-1315, and therefore R, > 121kQ; we must then choose 
R, and R, from the available resistor values so that 
equation (11) is satisfied. By a process of trial and error 
we find R, = 160kQ and R, = 430kQ, and from these 
calculate that 

1 — 8, = 0:9725 1-6, = 1:00 
therefore equation (16) is satisfied, and since $, =0 no 
extra term need be added to i,R,. 

For the pentode we choose an operating point at the 
knee of the “worst” expected valve: Va=SOV, ia=9:5mA. 
Using equation (12) we find i,R, > 61-8V, and with 
i, = 9-5mA the nearest 5 per cent standard resistor satis- 
fying this relationship is R, = 6-8kQ. Next, from equation 
(14) we find R,/R,< 0-885 so that R, > 8k. By trial 
and error, we atrive at R, = 30kQ, and R, = 91kQ, 
whence (1 — 5,) = 0-988 and (1 — 8,) = 0-65. Therefore 
1 —8,>1-8., and since 5, = 0-012 the last term in 
equation (12) adds only about 1-5V to i,R,, and this does 
not necessitate an R, greater than 6-8k(. 

(b) p = q = 0:10. Applying equation (17) again, we find, 
for the triode, V.<61V. Choosing V,=50V and 
i, =2-5mA, we get R, =47kO, R, = 620kQ, and 
R, =2MQ. For the pentode, with V,=S50V and 
i, — 9-5mA as before, we get R, = 12kQ, R, = 56kQ, and 
R, = 220kQ. 


These results are summarized in Table I. 




















TABLE 1 
Dp g 1 We | R, | R, R; 

| (V) lama) | «Ky (kQ) | (kQ) 

Triode ..| 05 | 05 | 80 | 45 | 16 | 160 | 430 
10 ‘10 |; 50 | 2:5 47 620 | 2000 

Pentode ..| 05 | 05 | 50 | 95 | 68 OO. | an 
10 ‘10 | 50 9S '12 56 | 220 

E,=150 V. E,=300V. 


Switching Time 

It has been mentioned that the ideal flip-flop, whose 
grids swing only between 0 and — E, volts, has a very 
small switching time, since both valves conduct during 
the entire transient. A practical flip-flop, on the other hand, 
may have a grid swing many times E.. For example, in the 
5 per cent triode flip-flop designed in the example of the 
last section, if R,, R., and E, have values at the high end 
of their allowed range, and R, and E, values at the low 
end, and if the valve used has a very low anode resistance, 
the grid voltage may swing from zero to — 72V. The 
switching time of such a circuit, then, is largely taken up 
by the swing of one or both grids below the cut-off level, 
the excursion of voltages through the grid base occupying 
only a very small proportion of the total time. 
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Fig. 4 shows a simple form of compensation intended 
to improve the switching properties of the flip-flop. In 
that figure, C, and C, are the stray capacities measured 
at anode and grid, respectively, and C, is an added “com- 
pensating” capacitor. The value of C, chosen depends on 
what transient characteristic the designer wants. A large 
compensating capacitance results in a circuit which very 
quickly changes from one stable state to the other, but 
introduces a long time-constant which greatly increases 
the time taken for the transient to die out and therefore 
decreases the repetition rate at which the flip-flop may be 
triggered. 

Rubinoff? has shown that when R,C, < R,C, (which is 
invariably the case) and when R.C, = R,C, the flip-flop 
reaches equilibrium most quickly without the introduction 
of a long-time constant. The resulting switching time 
depends to some extent on the method used to trigger the 
flip-flop. The usual method involves a negative voltage 
pulse at either the grid or anode of the circuit, and 
Rubinoff showed that under this condition the most 





Fig. 4. Simple form of compensation 


important transient which occurs during switching has a 
time-constant 

7 RCs Ul + C/E, + Re/Rsd] “a 

Cre ee es 

It should be noted that the non-linearity due to the diode 
action at the grid re-introduces a long time-constant into 
the voltage waveform at the grid. However, since the time 
taken for the grid of the non-conducting valve to rise to 
cut-off is in general the longest time involved in the 
transition of the flip-flop, the time-constant given in 
equation (18) is still valid as a measure of the switching 
time of the circuit. 





The Optimum Flip-Flop 

If E, and E, are fixed, we have seen that equations (11), 
(12), and (14) determine the resistors and therefore the 
time-constant of the circuit. In this section we make E, 
and E, variable, and derive an “optimum” flip-flop by 
minimizing T. Two cases will be considered. In the first 
case E, will remain constant corresponding to a flip-flop 
built with pentodes with fixed screen voltage. In the second 
E, will be a function of E, corresponding to a triode flip- 
flop. Equalities rather than inequalities will be assumed, 
so that 5, = 6, = 0. ; 

(a) The Pentode flip-flop. Setting R./R,=y and 
1 + R,/R. = x, from equation (11) we have: 


A ee eee (19) 
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Solving equation (13) for E, and substituting into equation 
(19): 

te x+y k,Va + Ev) 
"ea - a eg 
Now substituting from equation (19) and (20) into equation 
(12), and the resulting value for R, into equation (18): 


E 











E.C; f1+C,/C,U+y) k,(1—p) 

= - 1 y 3 slate 

id —p)\ 1 +xy neat ! + fan | 
xk(1 +Va/E\(1 ae P) 

Ei-a feos (21) 


It can be shown that this expression for 7 is a minimum 
when x is a minimum for all positive values of y. When 
unity is substituted for x in equation (21), the resulting 
expression for T has a minimum value when y is given 


by: 
4 
m= f[csic.( si + 
5 


Substituting this value for y, and unity for x into equation 
(21) gives: 


E.C,(1 + p)(1 +4)’ 


ia(1 — p)’ (1—q)? 
2p 4V.(p+q)(1+ pq) \}\? 

f + [eve (7 + E(l—p\1+q) } aie (23) 

ye aS given by equation (22) is negative when: 


2p, 4Va(p+a)(1+ pq) 
l—p EA1 — p*)(1 +4)? 


In this case y should be made as small as possible to 


E.(1 — p*(1 +49)" 


4V.(p+ q)(l z-1}) oe 





Tmin = 





C,/C, > 


Fig. 5. Variation of time-constant with x and y 
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Fig. 6. Variation of minimum time constant and supply voltages with p 





minimize the time-constant which is given by: 











_ EC;(1+p)(1+q)? 
T min _ ix(1 —p*\(1 , (1 +C,/Cs;) x 
2p 4V.(p+q)(1 + pq) 
(1 + i. Fee So (24) 


when unity and zero are substituted for x and y respec- 
tively in equation (21). 

Examination of equation (23) and (24) shows that the 
time-constant increases with E, and V,/E, and decreases 
with i,. It follows, therefore, that the best operating point 
on the pentode characteristic is at the knee. Fig. 5 shows 
the variation of the time-constant with x and y of a flip-flop 
built with EF91’s, taking V./E. = 10 and C,/C, = 4, and 
using 5 per cent resistors and allowing 5 per cent variation 
in the voltage supplies. In Fig. 6 the minimum time- 
constant is plotted against p for the same type of valve 
for three different values of C,/C,, and for equal tolerances 
on resistors and voltage supplies. The required voltage 
supplies, calculated from equations (19) and (20) are also 
shown. 


(b) The Triode Flip-Flop. The cut-off voltage of a triode 
depends on the anode voltage, and therefore, for the circuit 
under discussion, on E,R./(R,+R.), which is the maximum 
voltage on the anode. The relationship between anode 
voltage and cut-off voltage may be assumed to be linear 
and here we will take: 


R 
H=EleR RK, 


Again writing the variables as x and y we have from equa- 
tion (11): 





Oe | ES) | 2, a a a eee (25) 
and from equation (20) substituting for E.: 
xk,Va 
E, = rn 26 
|= TERAl—@—h=y ta 


Substituting inio equation (12), and the resulting value for 
R, into equation (18) we find the time-constant given by: 


ae ViCy — ery —p)+xy+ k, 1+C,/C;(1 +y) 
ia(1 — p) uk, k(1—q)—y—k; 1+xy 
Re ieceneee (27) 





ELECTRONIC ENGINEERING 250 





As in the case of the pentode flip-flop it can be shown that 

the time-constant is a minimum when x is equal to unity 

and y is given by: 

V[AB(1 + (B — A)C,/C,)] — A 
1+BC,/C, 


2p 4u(p +q)(1 + pq) 


—1.... (28) 





c= 





hi A= 
ee ee 
and B= (1+p)(l+q) 
i—p 


From equation (27) it is obvious that the time-constant 
increases as V,/ia increases and, therefore, to make the 
time-constant minimum, the operating point should be 
chosen where this ratio is a minimum. Since most triodes 
have anode characteristics which are concave upwards, V, 
and i, are usually chosen to be as large as possible con- 
sistent with the maximum power and current ratings for 
the valve. As in the pentode case, when y, is negative 
E, should be chosen to be as large as possible. 

The procedure for designing an optimum flip-flop may 
now be stated. Firstly, the operating point is chosen accord- 
ing to the approach given above. Secondly y, is calcu- 
lated from equation (22) or equation (28), remembering 
that a negative value of y. indicates that E, should be as 
large as possible. With this value of y. and some estimate 
near unity for x, E, and E, are found from equations (26) 
and (25) in the triode case and equations (20) and (19) 
in the pentode case. With the supply voltages chosen, the 
flip-flop may be designed using the method detailed. 


Conclusions 

Though this article has treated the design of one 
particular circuit in considerable detail, certain of the 
results have general and important implications. In the 
first place, the circuit, though it iricorporates no negative 
feedback, can be made as stable as desired. That is to say, 
it can be designed to remain stable for any voltage and 
resistor variations (with the proviso that equation (18) 
holds, and that E,(1 — g)>E.), and for any group of 
valves having any specified minimum characteristic. 

In the second place, an increase in stability is invariably 
accompanied by a decrease in switching speed. This can 
be looked on as a gain-bandwidth limitation, for stability 
corresponds to gain, and transient response to bandwidth. 
The effect of increasing tolerances is particularly notice- 
able in equation (24), which expresses the optimum pentode 
time-constant in terms of valve constants and tolerances. 

Finally, it has been shown that the switching speed for 
a given degree of stability is a function of the supply 
voltages used, and can be minimized by suitably adjusting 
these voltages. This would seem to be true generally ‘for 
all direct-coupled circuits and designers of direct-coupled 
circuits should keep in mind that the choice of proper supply 
voltage levels may have as much effect on transient response 
as the provision of higher switching currents. 
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A Ringing Choke Power Supply 


By J. Houldsworth* 





A stabilized e.h.t. power supply giving an output voltage adjustable between | and 2kV for load 
currents up to about 1mA was needed in connexion with a cathode-ray tube data storage system. 
The unit was required to give a steady output when operated from a.c. mains, the voltage of 


which might vary by + 10 per cent. 


Good stabilization was necessary against both slow and 


rapid changes in the load, and the output voltage was required to be free from 50c/s and other 

ripple. It is shown below that the above requirenents can be met by using a pulse type power 

supply, in preference to rectifying a 50c/s voltage derived from the a.c. mains, and details are 

given of a unit of the “ringing choke” type which was developed. The complete unit operates satis- 

factorily in the application for which it was intended, and it is believed that it may find other 
applications as a general purpose stabilized e.h.t. power supply. 


[i is important that the e.h.t. supply should be free from 
50c/s or any other ripple which may interfere with the 
cathode-ray tube data storage system for which it is 
intended. The conventional method of obtaining a steady 
voltage by rectifying and smoothing the output from a 
mains transformer is not very satisfactory due to the 
difficulty in eliminating 50c/s ripple from the output. On 
the other hand, a high frequency pulse operated power unit 
presents very little difficulty in this direction and the pulse 
source can, if necessary, be synchronized with the operat- 
ing frequency of the storage elements. Fig. 1 shows the 
circuit diagram of a power unit which has been developed 
to meet the requirements outlined. 

The pentode V, is triode-connected and operates in a 
free running blocking oscillator circuit. The recurrence 
tate of the oscillator is-about 3kc/s; it may be varied over 
a small range by means of. VR,. The blocking oscillator 
may be locked to the scan frequency of the c.r.t. store by 
injecting 10V negative pulses at the synchronization 





* Ericsson Telephones Limited. 


terminal. In this way radiated interference and ripple due 
to inadequate smoothing can be made to occur within the 
flyback time of the storage cathode-ray tube time-base. 

V, conducts for only a few microseconds during the 
blocking oscillator cycle; during the short conducting period 
it forms a low impedance discharge path for C,. When the 
valve is cut-off C, recharges through R;. Due to the rapid 
charge and slow discharge of C,, the voltage at the grid of 
V. is of sawtooth waveform. 

Each time C, is discharged, the potential of the grid of 
V, falls rapidly, causing a sudden interruption in the current 
carried by the primary winding of 7,. The rapid change 
in the current in the primary winding of T, induces a 
voltage of high initial amplitude across the secondary wind- 
ing of the transformer. This voltage is rectified by MR, 
and applied to C;,, C, and R, forming a low-pass filter 
to give a steady voltage across the output terminals. On 
account of the slow rise in the grid potential of V,, caused 
by the relatively long recharge time of C,, the anode 
current of V., increases gradually; this is done to prevent 
a voltage of opposite sense being produced by the trans- 

























































































Fig. 1. The ringing choke power supply unit . ee 
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former. If such a reverse voltage were produced, it would 
only increase the peak inverse voltage across the rectifier 
to an extent which might cause breakdown, without pro- 
ducing any additional rectified output. 

The output voltage varies with the voltage induced in the 
secondary winding of 7,, and consequently it varies with 
changes in magnitude of the current step in the primary 
winding. The maximum anode current of V., which deter- 
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Mains voltage and output voltage variations expressed as a percentage of 
250V r.m.s., and 1 000V respectively. 


mines the amplitude of the current step in the primary 
winding, may be controlled by variations in the mean 
potential of either the control grid or the screen. 

To obtain the required output voltage range, the mean 
potential of the screen, grid 2, must be varied between wide 
limits; since grid 2 draws an appreciable mean current, 
these potential variations could only be obtained from an 
amplifier stage which has a low output impedance. For the 
same range of rectified output voltage, only small changes 
are needed in the mean potential of grid 1: since no grid 
current flows the potential variations can be obtained from 
an amplifier of high output impedance. 


The relationship between e.h.t. voltage and the grid 1 
potential of V. was investigated to find the upper and 
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lower limits of grid 1 potential necessary for the desired 
e.h.t. output range, which is 1kV to 2kV for load currents 
between 100uA and ImA. 

The potential at the grid of V;. in the d.c. amplifier is a 
function of the setting of VR, and VR,, and of the voltage 
across the output terminals. The mean grid-1 potential of 
V., is set by the control amplifier, and component values 
are so chosen that the extreme settings of VR, and VR, 
correspond to the desired limits of e.h.t. voltage. Using one- 
half of a double triode for each amplifier stage, sufficient 
gain is available to give satisfactory operation over the 
designed output range. 

To ensure that the unit is insensitive to mains voltage 
fluctuations, reference potentials of +150V and —150V 
with respect to earth are provided. These auxiliary supplies 
are obtained from the main +250V and —250V lines and 





Fig. 4. Encapsulated pulse transformer with laminations 


are stabilized by cold cathode tubes. The +150V supply 
acts as a reference voltage for the dividing network across 
the output, while the — 150V supply provides bias for the 
control d.c. amplifier. 

The +250V supply is obtained from a mains trans- 
former and conventional full wave valve rectifier circuit. 
A half-wave metal rectifier connected to the same secondary 
winding of the mains transformer is used to obtain the 
—250V supply, which is smoothed by a resistance- 
capacitance filter circuit. 

The complete unit has been tested to determine the varia- 
tion of output voltage over the design range of load current 
and mains voltage. Curves plotted using the results 
obtained and reproduced in Figs. 2 and 3 demonstrate the 
performance of the power unit in the above circumstances. 
The maximum ripple voltage across the output terminals 
at any setting of the controls is 30mV, which is 0-03 per 
cent of the minimum output voltage. This is far less than 
the percentage ripple obtained across the output of a con- 
ventional mains e.h.t. power unit unless uneconomic sizes 
of smoothing components are incorporated. Apart from 
the size and cost of these components, the energy stored 
in the larger smoothing capacitors needed for 50c/s smooth- 
ing is undesirably greater. 

An additional advantage of this type of supply unit is 
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in the ease of construction of the transformer producing 
the e.h.t. voltage; in a 50c/s supply the number of turns 
required is such that a large transformer core and bobbin 
must be used to provide space for the winding plus insula- 
tion. In this unit which operates with pulses at 3kc/s, the 
e.h.t: transformer requires 650 turns on its primary, in the 
anode circuit of V., and 1950 turns on its secondary wind- 
ing; these can easily be included in the window area of 
a type 410 lamination. In this case, the necessary insula- 
tion can be provided by constructing the secondary as 
three wave-wound “pies”, supported on an insulating 
tube carrying the primary, which for convenience is a 
single wave-wound coil; details of the construction can be 
seen in Fig. 4. The secondary winding develops a maximum 





Fig. 5. Rear view of the complete unit 





Fig. 6. Underside view of the complete unit 


of just over 2kV peak; as the winding is divided into three, 
the maximum voltage between sections is only 700V peak, 
and the distance between the sections is sufficient to with- 
stand this voltage. Further protection is provided for the 
completed winding by complete encapsulation to provide 
a smooth moisture-resisting surface. The construction of 
the complete power supply unit is shown in Figs. 5 and 6. 
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APPENDIX 


TRANSFORMER WINDING DETAILS: 
MAINS TRANSFORMER 


Wound on bobbin SSK 5839 using I4in stack of type 
440A laminations. 


Primary 

250V r.m.s. 50c/s 1 557 turns of 0-Olin dia. s.s.c.e. 
copper wire, tapped at 1 308 and 
1 432 turns. 

Resistance = 85) approx. 
Voltage regulation on full load= 


12V approx. 
Secondaries 


HLT. 225V - 0 - 225V 
60mA full load current 


0 - 1 539 - 3 078 turns of 0-0068in 
dia. s.s.c.e. copper wire. 
Resistance = 407Q approx. 
Voltage regulation on full load= 
12V approx. 

0-22-44 turns of 0-028in dia. 
S.S.c.e. COpper wire. 

Resistance = 0-22 approx. 
Voltage regulation on full load= 


L.T.1 3-15V -0- 3:15V 
1-4A full load current 


0-3V approx. 
ibe 0+ 63V 43 turns of 0-02in dia. s.s.c.e. 
0:6A full load current copper wire. 


Resistance = 0-20 approx. 
Voltage regulation on full load= 
0-3V approx. 


0-27-43 turns of 0-024in dia. 
S.8.c.e. Copper wire. 

Resistance = 0:20 approx. 
Voltage regulation over the 
whole winding on full load = 
0:3V approx. 


L.T.3 0 - 4V - 63V 
1A full load current 


SMOOTHING CHOKE 

Approximately 5 000 turns of 0-0084in dia. s.s.c.e. copper 
wire wound on bobbin SSK 5837, using a iin stock of 
type 401A laminations. 


Inductance = 15H approx. 
Resistance = 500Q approx. 
Air-gap = 0:007in approx. 


PULSE TRANSFORMER 


A bakelite insulating tube of external diameter 
27/32in, internal diameter jin and length 1 fin. 
The former is partially milled away at one end 
to admit a tin stack of type 410 radiometal 
laminations with an air-gap of approximately 
0-007in. 

650 turns of 0:004in d.s.c. copper wire, wound 

as a “pie” of fin width and 1}in overall 

diameter. 

Secondary: 3 “pies”, each of 650 turns, wound in series 
with dimensions approximately the same as the 
primary. 

Spacing between primary and secondary windings, and 
between the “ pies” of the secondary winding is approxi- 
mately }in. 

The complete winding is totally encapsulated in bakelite 
varnish. 


Former: 


Primary: 
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Wirewound Resistors 


Some Practical Considerations in design of the types used 
in the Electronic Industry 


By R. H. Mapplebeck* 


An outline of some of the physical constituents that affect the design and construction of low wat- 

tage wirewound resistors is followed by a discussion of factors that also have to be taken into 

consideration, including the elimination of undesirable effects, when such resistors are used in a.c. 
circuits up to about 20Mc/s. 


eae electronic techniques demand close tolerances 
in many respects, and maintaining a high degree of 
accuracy and stability in the manufacture of wirewound 
resistors means paying close attention to details which, 
though they may be unimportant where wider tolerances 
would be satisfactory, become prime factors for considera- 
tion in more delicately balanced equipment. 

It is proposed to deal with some of these and indicate 
some of the factors governing the design of this humble 
yet essential component which can so easily be produced in 
values ranging from near zero to about 10° ohms, and 
adjusted to cover a wide range of conditions. 


Rating 

The current carrying capacity of a wirewound resistor 
depends in large measure on how rapidly the heat can be 
dissipated. In cases where a resistor may be poorly venti- 
lated, it is usual to allow for about one-quarter of the 
nominal rating though a well ventilated resistor may be 
run at a much higher temperature. Apart from ventilation, 
rating is controlled by proximity to other hot components, 
ambient temperature, and even fire regulations. Long 
resistors will run hotter than short ones, and tappings will 
reduce the effective heat radiation. 

When designing a resistor for a particular job therefore, 
these points should be borne in mind and also that Ohm’s 
law is adequate only when the resistor is to be used in 
d.c. and Lf. alternating current circuits. 

In a.c. circuits, due allowance must be made for losses of 
energy due to the formation of electromagnetic and electro- 
static fields that vary with time and introduce: 


1. Eddy current losses in conductors and other masses 
of metal in or near the circuit. 


. Hysteresis losses in magnetic materials. 


wnt 


. Dielectric losses in insulation mediums. 


. Absorption of energy by neighbouring conductors due 
to induction or even radiation. 


Skin effect also increases the resistance due to non- 
uniform current density and so the Joulean relationship 
P = [’R is only effective where P is the power loss due to 
all causes. 

Although resistors may be designed to carry heavy 
currents and dissipate considerable energy, their use in 
electronic instruments is usually limited to fairly low values 
of power dissipation and the maximum energy losses 
seldom exceed 10 watts. 


= 





* Marconi Instruments Ltd. 
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As cocling will in many cases be by air convection, the 
heat loss will depend primarily on the surface area and it is 
usual to allow from 0-005 to 0:01 watt dissipation per degree 
centigrade per square centimetre above air temperature. 


Temperature 

Power rating and the effects of heat on resistance are 
bound up with the choice of wire material and its behaviour 
with change in temperature which, together with the current 
to be carried and the possible physical dimensions required 
will decide the gauge of wire to be used for a particular 
purpose. 

For d.c. working, the resistance R = p(//a), where p is 
the resistivity of the wire material, / the length and a the 
cross-sectional area. 

Now the resistance of a conductor being a function of its 
temperature, and having decided on the dimensions of the 
conductor and its resistance per unit length, the required 
value may be computed at the temperature for which it 
applies. Within ordinary limits Ri. = Re[1 + a(t. — ¢,)] 
where a is the temperature coefficient of resistance of the 
wire material per °C and may be ascertained by reference 
to a set of suitable tables, while ¢, and f. are the initial and 
final working temperatures in °C respectively. 

For accurate results, resistors are usually wound with 
constantan, manganin or eureka wire on account of their 
low temperature coefficients, their constancy of resistance 
and except in the case of constantan, their low thermo- 
electric effects with copper. Manganin, although excellent 
for all low temperature work is not so useful as eureka at 
higher temperatures. Nichrome on the other hand, although 
possessing a slightly higher temperature coefficient may be 
run at red heat (1 000°C) without noticeable oxidation. 

In a.c. circuits, residual capacitance must be kept low 
if the material surrounding the wires is a poor dielectric, 
as the dielectric constant will alter quite appreciably with 
temperature changes. Dissipation of energy in a poor di- 
electric will therefore be reduced if the C, is kept low. 
Stability 

No wirewound resistor will keep its initial value of resist- 
ance with time unless subjected to ageing, which may be 
regarded as an annealing process designed to remove strain 
from the wire. 

During winding, the inner surface of the wire suffers 
some compression due to bending of the conductor, while 
the outer surface becomes subjected to tension. If no age- 


ing process is carried out, in course of time the displaced 
material tends to creep back to its original position which 


JUNE 1955 











a? , ee a. oe ae Wan en 4°) 





n, the 
d it is 
legree 
ature. 


e are 
viour 
rent 
uired 
cular 


p is 
a the 


of its 
f the 
lired 
th it 
- t)] 
’ the 
ence 
and 


with 
‘heir 
ance 
mo- 
lent 
a at 
ugh 
/ be 


low 
tric, 
vith 

di- 


ist- 
ain 


ers 
ile 
ge- 
sed 
ich 





causes a change in resistance cf the conductor by an amount 
which may be as much as 0:5 per cent. Manufacturers’ 
ideas on the subject of ageing differ somewhat, but in 
general, baking for three hours duration at a temperature 
of 150°C is sufficient, though some engineers advocate 24 
hours at about 120°C. 

Occasionally it is found advisable to make cyclic heat 
runs under actual operating conditions where the annealing 
is carried out on the resistor after assembly in the equip- 
ment for which it is to be used. That is to say, the heat 
generated by the normal working current is that which 
anneals the wire material. In this case, periodic checks 
have to be made on the resistance value until no further 
change takes place indicating that the resistance has reached 
a stable condition. Such a heat run may easily occupy 
several days before stability is realized. 


Formers and Protective Coatings : 

Most resistors are given a protective covering, the nature 
of which depends on the temperature at which they are 
designed to work. The composition of the formers will 
also be affected by temperature and must be chosen for this 
and other qualities which are enumerated later on in the 
text and apply particularly if they are to be used in a.c. 
circuits where absorption of moisture by a dielectric will 
give a change in Co. 

Resistors may be wound on ceramic formers, strips of 
fibre, bakelite, mica, cores of textile or glass fibre. 
Obviously, ceramic and mica formers will be the most heat 
resistant, though heat is not the only criterion. Windings 
must be protected from mechanical injury, electrolytic 
effects and corrosion due to moisture and bacteria. 

Common among such protective coverings are vitreous 
enamel, cement with organic or inorganic binding materials, 
moulded bakelite, waxes and paper. Here again, heat 
decides the covering to a great extent. Up to 250°C the 
first two mentioned are good for humidity protection with- 
out deterioration, but it is worthwhile noting that sodium 
silicates are useless for protection against moisture. 
Moulded bakelite may be used up to temperatures of 175°C 








another then at high frequencies the currents concentrate 
on the parts of them which are nearest and is known as 
proximity effect’. 

It has been shown by Butterworth’ that the resistance of 
a cylindrical wire at frequency f is given by: 

R: = R.[1 + F(z) 
where R, = resistance to d.c. 
z= V(8z7°a*uf/ p) 
a = radius of wire. 
4 = permeability. 
p = Specific resistance. 
Copper, eureka and manganin have » = 1 and for the 
purpose of skin effect and eddy currents, the resistance is 
calculated in electro-magnetic units, one ohm being 10° 
e.m.u. Now with p for copper = 1:7 x 10-° x 10° = 1700 
and manganin 44 000. Table 1 gives values of F(z) against 
For z < 2, F(z) = z*/192 
z> 3, F(z) = HzV2 — 3) to 2 per cent accuracy. 
Table 2 gives values of z for various gauges of copper 
wire at 1IMc/s, the value of z for manganin being 
1/ V(44/1-7) = 1/5-1 times the value for copper. 

At frequency f the value is Vf/ 1000 times the tabulated 
value. 

The skin effect is not noticeable until z becomes equal to 
unity, i.e. f = p/82’a”. At this value of z the skin effect 
increases the resistance by something less than 1 per cent. 
Table 3 gives values of frequency at which skin effect is 
present for various gauges of copper and eureka, while 
Table 4 gives the largest permissible wire diameter in mils 
for a skin effect ratio of 1:01 up to 3Mc/s for advance or 
manganin and nichrome. 


TABLE 1 
Values of F (Z) against Z 


Z 0 | 0:5 | 10 | 1:5 Zu) eo | 3-0 +9 














0 | -0003 | -0053 | -0258 | -0782 | -1756 | 3180-4930. 
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depending upon the quality of the binding material; | F (7) 
TABLE 2 
Values of Z for Various Gauges of Copper Wire at 1Mc/s 
S.W.G. | 10 is 14 16 | 18 | 20 | Zz 24 | 26 Kae 36 | 40 
z | 30 | ws | me ws i wit o7 | 7] ee: | ot al om lee 
TABLE 3 
Frequency at which Skin Effect begins to be Appreciable 
S.W.G. .. ae ah 20 24 | 28 30 32 34 36 38 | 40 
| 
COPPER (kc/s) en 10:3 27:6 | 61 86 114 157 230 370 | 580 
EUREKA (kc/s) renee ee ae a a ee ee Po Ps gee pee ee 
resinous binders are superior to asphalt binders for mois- TABLE 4 
ture resistance, though they will not stand such high Largest Permissible Wire Diameter in Mils for Skin Effect Ratio of 1°01 
temperatures. 
FREQUENCY NICHROME | ADVANCE 
° . k 3 . 
A.C. Circuits (ke/s) | MANGA 
Skin effect imposes considerable modification in design 100 ~ 104-5 70-2 
and it is essential for the designer to know the equivalent a ps bi 
a.c. resistance of a given wire sample at specific frequencies. 1 000 33-1 2-2 
The current crowds in a thin layer on the outside of a 2 000 23-4 | 15:7 
conductor, but if two cylindrical wires are parallel to one 3 000 19-1 12:8 





1955 

















4 


ELECTRONIC ENGINEERING 

















Co 
R 
4 
Le 
Fig. 1. Equivalent circuit of wirewound resistor 


Measurements at radio frequencies are more difficult on 
account of residuals affecting measurement’. 

An approximation of the C, and L, in a resistance coil 
of R ohms is represented as shown in Fig. 1. The imped- 
ance for the inductance and capacitance combination is: 

“- R + jw[L(1 — w?CL) — CR’) 
(1 + w’CL)? + w*C?R? 
L and C are small so that approximately : 
R’ = R[{I + w’°C(2L — CR’)] 





and: 
L’ = L — CR’ 
The phase displacement between voltage and current 
flowing into the coil is: 
ae w(L — CR?) 
a. 
~tan-’ (wL’/R) 
iL’ is the effective residual inductance. 


If inductance preponderates over capacitance (i.e. 
iL > CR’) then L’ is positive. If capacitance preponderates 
then CR* exceeds the inductance and L’ is negative. 

The time-constant T of the coil=L/R-—CR=L’/R 
which is positive or negative according as L is greater or 
less than CR® and is of the order of 10~’sec or less in a 
well designed resistance coil. 

The resistance will be pure if L=CR’. More exactly, C= 


Ra OL but generally w’L? is negligible compared with 
rT @® 

R*. Thus by suitable spacing it is possible to balance the 
inductance and capacitance to get a reasonably pure 
resistance. 

Design and measurement are wide subjects, some 
branches of which are not amenable to exact calculation 
and are best approached by trial methods and the help of 
experience. 

Design depends very much on the frequency and it is 
unfortunately a fact that the resistance, capacitance and 
inductance of a resistor may vary with frequency. 

Apart from skin and proximity effects, the inductance of 
a piece or coil of wire will decrease for these effects, but 
the effective inductance as measured by an a.c. bridge will 
rise because of the C,, reach a maximum, diminish to 
zero and then the reactance becomes capacitive. 

One of the oldest and simplest forms of winding a 
resistor is the bifilar method where the wire is folded back 
on itself at the middle point and the conductor so formed 
is wound on a cylindrical bobbin. The inductance of the 


Fig. 2. Bifilar loop 
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coil will be small and reduced further by twisting the 
leads together before winding. Since the go and return 
leads lie close together, there is a considerable capacitance 
with the full potential difference between the terminals 
which will preponderate over inductance at high values of 
resistance as it has a comparative long length of fine wire. 
This method of winding is thus used more for lower value 
resistors. 

For d.c. work, the wire may be coiled or bunched 
indescriminately, but as will be appreciated, in a.c. circuits, 
the method of construction is important. 

The impedance of a bifilar loop (Fig. 2) is that of a 
short-circuited transmission line which may be shown to be 
the impedance shunted by one-third of the shunt admit- 
tance, in this case the total C, between the wires. In order 
to produce a pure resistance, L) and C, must be made very 
small or balanced against each other in the range of 
frequencies employed. 

A popular method of winding is after Chaperon, made 
by winding with a single wire an even number of layers 
reversing the direction of winding of each layer. Sometimes 
the modified form of Wagner and Weitheimer is used where 
considerable control may be exercised over the time- 
constant of the coil by arranging the winding in a number 























TABLE 5 
Time-Constants Resulting oon Bape Semen by Several Leading 
RESISTANCE TIME-CONSTANT AVERAGE 
0-1 ohm. 13 to 100 x 10-8 secs. — 
1-0 ~ Sto 40x10-8 ,, 12 x 10-° secs. 
10 i | 2to: 8xio? 5, CRiGs: 3 
100 " (O2to. Pxi-* .,; 0-4x10-8 ,, 
1 000 e | +5x10-8 ,, _ 
10 000 | A oes as eae 














of Chaperon sections connected in series. Various modi- 
fied forms of this are used when manufactured under works 
conditions of mass production and fairly wide variations 
of time-constant result. Some of these are included in 
Table 5, which is an examination of some figures pub- 
lished by several leading manufacturers. They offer the 
conclusion that the precise values in any particular case 
depend on whether shielding is provided or not and the 
physical arrangement of the resistors etc. 

Reverting to Fig. 2, if the wires are length / diameter d, 
and D is the distance between centres then‘: 

L = 0-004/ (logh 2D/d — D/I + »d) pH 
and the total capacitance between the wires is: 
1-11/2 cosh~' (D/d) pF. 

Also for a bifilar resistor the effective inductance can be 
shown to be approximately L — 4CR? so that for some 
value of D, the expression L — 4CR? can be made equal 
to zero, giving an approximately pure resistance. 

A popular method is to wind one-half of the resistor in 
one direction and the other half at a suitable distance in 
the opposite direction. 

The capacitance between layers may be varied by vary- 
ing the distance between them which thus balances the 
inductance. A resistance coil cannot be wound so as to be 
entirely free of all self-inductance and self-capacitance, and 
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it thus becomes a question of careful design and construc- 
tion to effect the best compromise. 

In general, sub-dividing a given length of wire into n 
non-inductive sections will give a self-capacitance effect 
approximately 1/n? as great as that obtained if the wire 
were arranged in one non-inductive winding. 

Many methods described in text books for reducing 


eee 
C | 
(input 


Fig. 3. Output attenuator of a signal generator showing circuit modifica- 
tions to offset residual inductance 





metal foil 








residuals are interesting and only practical for special 
applications such as the construction of standard com- 
ponents and instruments. What is of importance in industry 
is to produce as far as is possible a resistor that has as 
many desirable features as possible and yet can be manu- 
factured under mass production conditions if necessary, at 
a low cost. 

The useful frequency range of a wirewound resistor is 
obviously determined by the degree of residuals that can be 
tolerated and it is seldom that such resistors of whatever 








construction are used much above 25Mc/s except perhaps 
in special cases and then they are usually low values of 
necessity, as corrections for residuals begin to become un- 
wieldy, such that actual circuit modifications are called 
for to offset them as exemplified in the schematic diagram 
of the variable r.f. attenuator in Fig. 3. The elements of 
the latter, although perhaps non-inductively wound, may 
still be slightly inductive predominant say, requiring small 
capacitances C, and C, in the input and output circuits 
respectively, together with a distributed capacitance pro- 
vided by a strip of metallic foil mounted adjacent to the 
variable slide arm element to lift any resonant rise of 
voltage beyond the frequency range contemplated. 


Conclusion 

Resistors employing many of the features in these notes 
are used in electronic equipment where accuracy is the 
keynote, and, without wishing to labour the point, may it 
be stressed that it is such careful attention to detail in 
the construction, testing and ageing processes that enables 
this component to maintain its stability with time and 
retain the initial high accuracy to which it was adjusted. 
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An Impact Microphone for Counting and 
Batching 


The Sargrove impact microphone is designed to solve the 
problem of counting at high speed light weight small parts 
of diverse shapes from {in up to 2in dimensions which by 
their nature (such as perforated cylinders or wrapped sweets) 
cannot be conveniently catered for by photo optical per- 
ception. It is particularly suitable where objects of different 
sizes have to be dealt with by the same counting apparatus. 

Where the objects to be counted and dispensed cannot be 
presented in a regular flow and the succession of objects may 
be very close together at times, the impact microphone is 
especially suitable due to its very high perception speed also 
the feature of design, whereby the microphone shell, on which 
the falling objects strike, is also the batching gate, thus eliminat- 
ing time delay to a minimum in the exact discrimination between 
the end of one batch and the start of the next. 


Impact MICROPHONE HEAD 

This consists of a miniature pressure type moving-coil micro- 
phone assembly fully sealed against dust or moisture. The 
microphone is coupled acoustically to a pneumatic chamber 
calculated to resonate with the impact shell which forms the 
top end of the assembly in a disk some 24 in. in diameter. 

The whole assembly is poised on a central axle shaft to 
which is coupled a quick return spring loaded twin solenoid 
assembly, arranged to rotate the microphone through 90° at 
very high acceleration so that it is held at 45° to the vertical 
and can discharge the falling objects in the horizontal plane to 
right or left hand. When the number set on the electronic 
unit has been counted, instantly the microphone is rotated into 
the alternative position carrying with it the next object to fall 
(if this should be following on the heels of the last object) 
counting this object at the same time as number one in the 
next batch. 


PROCESS OF COUNTING 

A falling object strikes the sloping disk of the microphone 
shell and bounces off into its appropriate batch chute, but in 
so doing it triggers off the natural resonance of the microphone 
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by compressing instantaneously the pneumatic chamber which 
in turn compresses the microphone diaphragm generating a 
series of sonic middle frequency electrical pulses. 

The resonance is rapidly damped by the acoustic resistance 
in the course of a few cycles, but the electronic circuits asso- 
ciated with the microphone circuit accepts only the initial part 
of the steep slope of the first pulse, shaping this to adequate 
proportions to suit the electronic counter batcher unit, thus 
variations in striking force do not affect the pulse amplitude. 

Allowing adequate time for the vibrations to die down, the 
electronic unit becomes unmuted and ready for the next 
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INPACT 
MICROPHONE 
The impact microphone assembly 


impact. A total time of approximately one hundredth of a 
second is occupied by this process, thus impacts can be handled 
comfortably at 30 per second, or 2000 per minute counting 
rate. 

Each properly shaped and amplified pulse is fed into an 
electronic counter batcher capable of counting at 200 per 
second which adds these pulses until the total number pre- 
set on the controls has been reached, when it instantaneously 
resets to zero and operates the batching mechanism simul- 
taneously, which swings the microphone over to be in its 
— to deflect the next object into the alternative batch 
channel. 
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The Matrix Approach to Filters and 


Transmission Lines 


By M. E. Fisher* 


(Part 2) 


Canonical Form of the Filter Equations 

For a finite line of similar quadripoles it has been shown 
that the currents and voltages at the input and the n 
terminals are related by the matrix equations: 

as ey iy SE (58) 

Now A® is a square matrix which can be found by 
multiplying A by itself n times in succession. Although 
not difficult, this method is tedious and does not give a 
general result for all nm. Such a general expression will be 
derived which avoids repeated matrix multiplication. 

First of all notice that if x, happens to be an eigen- 
vector of the matrix A, say w, then the effect of the matrix 
multiplication is merely to multiply x. or w by € where 
€ is the appropriate eigen-value. In symbols: 

=A =~ Awe fw .......... (59) 


vi 














Fig. 11. Illustrating the decomposition of a general vector x, into the sum 
of two eigcn-vectors 


In general, though, x, will not be an eigen-vector of A. 
For example if the line is terminated at the n™ pair of 
terminals with an impedance Z different from the iterative 
impedance, we have Vn = Z/n which does not fulfil the 
condition for the slope of the eigen-vector, viz., Va = (,/s. 
In such a case we can use the device of vector resolution. 
xn can be interpreted as a vector not lying along the axes 
of the matrix (Fig. 11). Then it can be decomposed into 
the sum of two vectors, each being along one of the axes 
and hence being eigen-vectors. 


Thus: 
zl’ ea” 
Xo. = w, oe Ww. = r + I” se wwe 8 (60) 


z, and z,. are the characteristic impedances measuring the 

slope of the eigen-values (equation (45)). We are now ina 

position to simplify equation (58) into a form not requiring 

matrix multiplication but only needing multiplication by 

the n™ powers of the eigen-values. 

x. = Ax, = A"(w,+w.) = Aw, +A-w, = £,"w, + €."W, 
Te eh ee ee ed (61) 

Thus by equation (56) and equation (60): 

CI’ +9. rae 
x= [er] + é| . a eee (62) 
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This simplification is analogous to the method where in 
elementary mechanics, forces are split into their com- 
ponents which are added together and then recombined to 
give the resultant force rather than use the more difficult 
method of adding forces by the triangle law. 

Equation (60) can be rewritten using the iterative or surge 
impedances (, and ¢, as: 

Va = GI’ — GI” 
In = ‘i + :” 
Solving these for /’ and 1”, and substituting into equation 


(62) gives: 
— a ae = + GE" So(6." - a) 
Io +. +t, é," ag &." C.é," + (£." I, ! 


en ee (64) 


This equation gives x. directly in terms of x, by multi- 
plication by a single matrix whose coefficients are functions 
of n, £,,€ and ¢,¢, only. 

If y is the propagation constant ev = €, and e~¥ = €, 
and the matrix in equation (64) can be simplified. Further- 
more the equation can be inverted to give Vy and J, in 


terms of input voltages and currents. The matrix for this 


1S; 
I Ge vyv+Ge-ay —2¢¢.sinhan 
A= = Si S2 : Sie i Y . (65) 
(,e8Y + ¢, BY 


—2 sinh ny 
This is known as the canonical form of the matrix for 
the line of n quadripoles. 
If the quadripoles are reversible there is a further 
simplification since (, = ¢, = ¢ 
ak a cosh ny ~( sinh ny 
—C'sinhny —coshny 
This matrix is important since it generalizes to the case 
of a continuous line, which is, of course, reversible. 
The analysis has thus carried us to a stage where we can 


directly calculate the voltages and currents at any pair of 
terminals if we know the input conditions for a line. 


Wt 


EXAMPLE 

To illustrate this, consider a hypothetical filter fed by 
an a.c. generator delivering 10V peak with an internal 
impedance of R = 500. Suppose that the filter sections 
are reversible and that at the frequency in question the 
iterative impedance is 100 and the propagation constant 
is y = jz/2, i.e. the frequency is in a pass-band of the filter. 
Suppose also that the filter is correctly terminated with the 
iterative impedance ¢. The current in the generator, Jo, is 
given by Ohm’s law as: 


Vo 
= = = = / a wiles 
I= R+i 10/150 = 1/15 amps (67) 
Now: x, = A-"x, 
and: cosh j9 = cos @, sinh j@ =jsin@ ...... (68) 
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so that using equation (66) for A~": 
Vi=V. cos 4nz — Uj sin 4nz = 10 cos 4nz —j 20/3 sin $nz 
PON acre (69) 
In = —Vo*jsininz + I,cos4nz = —j1/10sin $nz + 
1/15 cos 4nz 
Thus for example at the third pair of terminals the peak 
voltage is 74V and the peak current 1/10A the phase of 
both being 90° in advance of the generator, while at the 
fourth pair of terminals the peak values are 10V and 
1/15A and both voltage and current are in phase with the 
generator. 


Equations for a Continuous Line 

The equations governing the voltage and current dis- 
tribution on continuous lines are usually derived by he 
use of differential equation theory. We will avoid this 
method by generalizing the results of the preceding para- 
graphs to the continuous case. We regard the continuovs 
line as a series of indefinitely small similar quadripoles 
connected in cascade. 


| 


Fig. 12. Infinitesimal quadripole of 7-type 
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The voltage and current will now be a function of / the 
length along the line. However, we can write: 


x(/) = ipo = molt | =A'“Oe .: 
I) ho 

by analogy with equation (58). 

The matrix A-‘(/) will be a matrix with elements depending 
on /. The object is to evaluate this matrix in terms of the 
series impedance Z per unit length of the line and the 
parallel admittance Y per unit length. 

Suppose that the line is made up of a series of small 
m-type reversible quadripoles of length di. (See Fig. 12; 
there is no loss in generality through including all the 
series impedance in one arm, since the matrix is the same 
however the impedance is split between the two arms.) 

The matrix for this quadripole is: 


14+ 4Y¥Zdr Zdl 
(1+4YZP)¥dl 1 + 4¥Zdr? 


Since the quadripole is reversible, the two iterative imped- 
ances will be equal: thus by equation (57): 


4 
C= V(a,2/a2) = Se mI Mea Ee Pi (72 
Y(1 + 4YZadl’) 

In the limit as the length of the elementary quadripoles 
becomes vanishingly small, ie. as d/—0, this gives the 
well-known expression for the surge impedance of a con- 
tinuous line: 


Pn (3) 


ba WEA Kekias dass epevns (73) 

In a practical case with negligible resistance and leak- 

ance the surge impedance is p = {L IC where L and C 

are the inductance and capacitance per unit length. This 

illustrates the familiar fact that the surge impedance, p, 

of a lessless line is purely resistive and is frequency 
independent. 
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The trace of the matrix equation (71) is: 
Ghee 2 Pee Sy eiic ck tee ayes (74) 


we relate this to the propagation constant y for the quadri- 
pole by equation (36): 
a=& +1/E§=er+e-v¥=2coshy .... (75) 


Now the propagation constant for an averall quadripole 
formed of n-similar quadripoles in cascade is just n times 
the propagation constant for the individual quadripoles. 
(This follows from the canonical form of the A" matrix 
equation (65)). So that if the propagation constant of a 
unit length of continuous line is I’ the propagation con- 
stant for one of the elementary quadripoles is: 


es CRED oom seer (76) 


Using this result and equating the two expressions for a 
(74), (75) we obtain, after expanding cosh I‘d/ in a power 
series : 

V2. ES 4+ PB Peas 


which in the limit as d/— 0 gives: 
Br eri MMe s 65 sewaies vinene a (77) 


In the case discussed above of negligible resistance and 
leakance I" = {-w°*Lc}4 and is thus purely imaginary 
so that all frequencies are transmitted down a lossless con- 
tinuous line without attenuation. The speed of the waves 
is obtained from equation (34). For this case it gives the 
well-known result : 


CSL VEC K ose ks (78) 
since 8 = I‘/j = w VLC; the wavelength being: 
A = 22/8 = 2x/wVLC Wea eee a (79) 


We are now in a position to generalize the reversible 
A-" matrix of equation (66), to the matrix A~’(J) matrix 
for the continuous line. By equation (76) above ny=nI"dl= 
I\(ndl) where I‘ is the propagation constant for the con- 
tinuous line. n is the number of elementary quadripoles 
forming a given section of the line so that ndl/ = I, the 
length of the section. Thus for a continuous line we have 
the matrix : 


A“) = cosh |‘/ 


¢ sinh |* 
—{(-' sinh 1‘ 


cesh [/ 


so that at a distance / from the beginning of the line: 


(7 , 
[" |= mol | pees (81) 
Ki) I, 


In the case of negligible resistance and leakance 
I’ = j8 = 2zj/X and the matrix becomes: 


cos 2nl/X — pj sin 2zxl/A 
—p"jsin 2al/X ces 2al/Xr 


A“) = 


Here the surge impedance ( = p is independent of fre- 
quency by equation (73), while the wavelength is inversely 
proportional to frequency by equation (79). In other words 
the velocity is constant. 

Equations (80) and (81) together with (73) and (77) are 
the basic equations for a continuous line. From them the 
complete theory of lines can be developed directly. 


The Loaded Line 


In a practical transmission line there will always be some 
attenuation present due to the finite resistance of the line 


4 
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which cannot economically be reduced below certain limits. 
Furthermore, the presence of this resistance makes the 
velocity of propagation depend on frequency and so leads 
to distortion of the signal. This effect can be examined 
by taking the series impedance per unit length to be 
Z = R + jwL and the parallel admittance to be Y = jwC. 
(In most practical cases the leakance can safely be dis- 
regarded.) The propagation constant is then given by 
equation (77). 
TD =at+jB = VYZ = VjwC(R+joL) = joVLC(+R/joL) 
icsvKarusues (83) 


When R is small we can expand the factor under the 
root sign by the binomial theorem whence comparing real 
and imaginary parts 

a=4RV(C/L) B =(wVLC).{1 + R*/8u°L’}... (84) 
The velocity of propagation is given by: 

c = B/w = (VLC). { 1 + R?/8w°LC }.... (85) 


which shows how the velocity depends on the frequency. 
However if L the inductance per unit length is made large, 
a, the attenuation, is reduced and the velocity of propaga- 
tion becomes less dependent on frequency. The inductance 
per unit length of a transmission line is difficult to increase 
by direct methods, so, as is familiar to all electrical 
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Fig. 13(a). Loaded transmission line as a chain of similar quadripoles. 
(b) Structure of a single quadripole forming the transmission line 


engineers, this problem is solved in practice by loading 
the transmission line with coils at regular intervals. Of 
course, this is not exactly equivalent to increasing the 
inductance per unit length, since it destroys the continuity 
of the line and introduces a periodic structure determined 
by the coil spacing. Because of this the line behaves as a 
filter cutting out certain frequencies. 

To illustrate the power of matrix methods this problem 
will be discussed on the basis of the foregoing theory. 
Fig. 13(a) shows a loaded transmission line which can be 
regarded as a chain of similar quadripoles, each quadripole 
consisting of a length of continuous line adjoined to a total 
series inductance Lo. 

Fig. 13(b) shows how each of these similar quadripoles 
can be regarded as two quadripoles in cascade. One of 
these is formed by the inductors and has a matrix: 


B=, we Net N SS ee By aee (86) 
0 1 


The other quadripole is formed by a length / of the con- 
tinuous transmission line, where / is the spacing distance 
of the loading coils. The direct matrix for this is given by 


equation (80): 
seule, COCR (87) 
cosh yl 


c- essed 
(-? sinh yl 
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where y is the propagation constant per unit length of the 
unloaded line. 

The matrix for the complete quadripoles which go to 
form the transmission line is given by the matrix product: 
osh yl +jwLot-* sinh yl (sinh y/+jwL, cosh yl 


c 
A=BC= 
cae cosh y/ 


$7? sinh yl 
This matrix completely determines the behaviour of the 
loaded transmission line. For example the trace of this 

matrix is: 
@ = 2cosh yi + jwL.¢-* sinh yl = 2coshI .... (88) 


where I" is the effective propagation constant per unit 
length for the loaded line. This equation determines I and 
hence the attenuation and velocity of propagation on the 
loaded line. 

The pass-band structure of the loaded line can be 
obtained graphically from a. as for simple filters. For 
this purpose we ignore the resistance so that y becomes 
purely imaginary. The trace then is: 








a) = 2coswlVLC — wl." sinwlVLC .... (89) 
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Fig. 14. Graph of a against w for a loaded transmission line 


Fig. 14 shows a graph of a against w. As before the 
ranges of w for which this curve leaves the region 
—2 <a. <2 give the stop-bands. These stop-bands are 
marked along the w axis. The first one occurs at the region 
given by: 

Tif, & Clr Sameer AEP ra (90) 


This corresponds to / = A/2, that is to a spacing of the 
coils at distances of one-half wavelength. Thus in a practi- 
cal case there must be a number of coils to the wavelength 
of the highest frequency which the line is required to 
transmit. At higher frequencies the stop-bands grow pro- 
gressively broader, although they never coalesce to wipe 
out the pass-bands. The rate at which the stop-bands 
broaden is determined by the ratio of the load inductance 
L. to the surge impedance ¢ of the continuous line. 


Input Impedance to a Quadripole 

A commonly occurring type of network is illustrated in 
Fig. 15 which shows a quadripole with matrix A loaded 
with an impedance Z connected across its output terminals. 
The input impedance to the network, Zo, is given by the 
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ratio of the input voltage V., to input current /.. The tional relationship between Z, and Z remains unchanged. 


relations are: 














Following Pipes* and other authors’ we may regard the 


th go to RELA | Saga (SAS 107) Ee ah Aa ae (91) quadripole as an impedance transformer, the particular 
roduct : and: nature of the transformation being determined by the 
cosh y/ Vo Guns ans matrix of the quadripole. The output impedance Z is trans- 
[ ss = Ge m4 I formed and appears at the input terminals as another 
: impedance Z,. Conversely if equation (92) is solved for Z 
r of the Writing out the two equations corresponding to the in terms of the input impedance Z, a similar type of equa- 
of this matrix equation and dividing one by the other gives: tion is obtained showing that for a given quadripole only 
a ey ee one value of terminal impedance Z will give a required 
Bh (88) Zo = GZ + Qu Parr En we ee ete ee (92) input impedance Y SR 
er unit . Transformations of Z to Z. by equations of the type of 
s Tend ,o- ' ° equation (92) are called Bilinear or Homographic trans- 
~~ " R) A h {2 K h Lh) |%| formations and are well known in mathematics. 
= 0 They have a number of properties of importance to our 
can be Fig. 15. Loaded quadripole and its input impedance theory. 
rs. For (i) The bilinear transformation is the most general 
yecomes transformation that transforms a unique value of Z 
into a unique value of Z, and vice-versa. 
. (89) (ii) The bilinear transformation transforms the complete 


~~ 




















Z-plane into the complete Z,-plane. By the term 
Z-plane is meant the plane determined by the axes 
of the resistive and the reactive components of Z, 
so that any given value of the impedance Z is repre- 
sented by a point in this plane (Fig. 16). This pro- 
perty of transforming the complete Z-plane into 
the complete Z.-plane shows that any value what- 
soever Of input impedance can be realized by some 
suitable output impedance and vice-versa. 








(iii) Finally, the bilinear transformation transforms 
» A ALC)) circles in the Z-plane into circles in the Z.-plane. 
“ 2:= Plone In this case straight lines are regarded as degenerate 
/ \ Za RX circles with infinite radius. This property is illus- 
Terminal impedance trated in Fig. 16 for the particular transformation. 
_ , = +4 with matrix A = ; I 
jo~ ] _— 
and. |Aj} = ! 
qnats Here the circle |Z/ = 1 is transformed into the 
line X, = —3/2 while the radial lines in the Z-plane 
line Reactance X, \ izi=} representing a constant ratio of X to R are trans- 
formed into circles in Z.-plane (shown dotted) pass- 
re the ing through the points Z,= —j and Z, = —2). 
region These two points correspond toZ2 = oo and Z = 0, 
ds are Resistance R, i.e. to open- and short-circuited conditions, respec- 
region 3 ec tively. 
This property of the bilinear transformation with 
. (90) respect to circles accounts for the large number of circle 
f th diagrams and circular calculators that occur in the theory 
eheng Fal of impedance transformation and matching*’®. 
practi- 
length 2. - Plane Variation of Input Impedance to a Line 
ed to 2. = RetiXo If as in many practical cases the quadripole or imped- 
V pro- Input Impedance : . ra : 
wipe se ance transformer consists of a series of n similar quadri- 
bats 5 poles in cascade, the coefficients of the overall matrix can 
caine (@ indicates the values of Zwhich transform into themselves fe.C,and-@) be obtained from equation (65). Then the expression 
pe (equation (92)) for the input impedance to the chain 
Fig. 16. Z and Z, plane for the transformation Z, =- becomes : 
” z, = Zhen” + bem) + 266 sinh ny 93) 
‘ o> r) OWE OO aE VERA ore OR Re 
led in The values of the complex coefficients aij, depend on the 2Z sinh ny + Geny + Ge-ny 
oaded nature of the particular quadripole, which may be formed where ¢, and ¢, are the iterative impedances in the forward 
inals. from a length of transmission line, a chain of quadripoles and reverse directions and y =a + jf is the propagation 
y the or other combinations. However, the form of the func- constant for a single quadripole of the chain. 
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Suppose the chain is terminated with the forward iterative 
impedance, i.e. Z = ¢,, then the input impedance is Z. = (, 
by equation (93). In other words the forward iterative 
impedance is transformed into itself. (See Fig. 16 where 
z, = & and z, = —{, are shown in the Z and Z,-planes). 
This demonstrates the well-known fact that the impedance 
of a finite chain, correctly terminated with the iterative 
impedance, is the same as of the corresponding infinite 
chain. 

If the chain is not terminated with the iterative imped- 
ance (, there are two cases to consider depending on 
whether the line is operating in a pass-band or a stop-band. 
If the line is attenuating the waves so that y the propaga- 
tion constant has a real part, we may neglect e~"Y provided 
comparison with e®v provided the chain is long (n large). 
The expression for input impedance then reduces to: 
Zienv + CCenv 


0 => > 3, a. Tas Cae 9 
= Tev+ yen as 

Thus the input impedance to a long line which is attenuat- 
ing is equal to the iterative impedance and effectively 
independent of the terminal impedance. 

In a pass-band where the attenuation is negligible y 
becomes purely imaginary and equal to jf. In this case 
the input impedance is: 

z, — 2h + &)eos nB+j{ ZG —&) +266 } sin nf 
({, +.) cos mB +j{(t.—%) + 2Z} sin nB 





(95) 


and the input impedance is critically dependent on the 
length of the quadripole chain. 


In particular if: 
a =I, A =H IAAY 2 2. oo 50 (96) 
where m is an integer, then Z, = Z. 


Thus if the length of the line fulfils the condition of 
equation (96), i.e. if it is an integral number of half wave- 
lengths long, then the input impedance is the same as the 
terminal impedance. The chain of quadripoles acts as a 
one-to-one transformer. 


Equation (95) generalizes directly to the continuous case 
by putting ¢ = (, = ¢. and replacing nf by 2z//A, where 
l is the length of continuous transmission line between the 
input and output terminals. 

Then: 

+ jtan 2z//r 
c= Eitan el A en 
* 1 + jztan 2z//A 
where z. and z are the so-called normalized input and 
terminal impedances given by: 


ee Ae ee 2 | (98) 


This is the general equation behind the usual theory of 
matching line impedances. It is discussed at length in 
standard works®. For example, we can consider the case 
of open-circuited output terminals, iec., Z = x. 

In this case: 

} a oS) (99) 


Since ( is real corresponding to a resistive surge imped- 
ance the input impedance is generally reactive. Further- 
more if the line is an odd number of quarter-wavelengths 
long we have the condition of resonance, i.e.: 


1 = (2m + 1)A/4 so thatZ,=0...... (100) 
Conversely if the line is an integral number of half-wave- 
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lengths long we have the condition of anti-resonance, that 
is infinite input impedance. ' 


hc 2 ONE Do = OO) sk esses (101) 


Reflexion by the Terminal Impedance 

It is a well-known result that a wave of voltage and 
current travelling down a transmission line or a chain of 
quadripoles is reflected at the terminal impedance unless 
this is equal to the forward surge or iterative impedance. 
The reflexion coefficient for a given termination can be 
defined as the complex ratio of incident voltage to reflected 
voltage across the terminal impedance. An alternative defini- 
tion is in terms of the ratio of the forward-going incident 
current to reflected current taken in reverse sense. These re- 
flexion coefficients can be evaluated on the basis of the vector 
interpretation if we remember that a forward-going or incident 
wave is represented by an eigen-vector w, with ratio 
z, = (, between its components and a reflected or reverse- 
going wave by an eigen vector w, with ratio z, = —(, 
(equations (45) and (46)). Then if the subscript n refers 
to total voltages and currents at the output terminals and 
the subscripts i and r to incident and reflected components 
we have, for terminal impedance Z: 


Via =Vit+V, 
ss ee Sera eee )2 
In —= [i + I; ” ' 
and: 
Va = Zln Vi = Gh Vr= —Colr a (103) 


Eliminating Ji, J; and J, and then V, we obtain V;/V; 
which is ¢ the voltage reflexion coefficient at the output: 
Coe 
ae Te? 

Similarly the current reflexion coefficient at the output 
is: 


f= 


ret 


If Zs is the internal impedance of the voltage generator 
supplying the input terminals we can similarly define two 
input reflexion coefficients for voltage and current, viz: 

ee a a Z. -¢ 
s= &i/ Ge ° +t C= Page i Py (106) 

If in equations (104) and (105) the terminal impedance 
Z is equal to ¢, the forward iterative impedance, the 
reflexion coefficients for both current and voltage vanish, 
proving the fact already referred to that there is no 
reflexion from a matched termination of the line. The 
vector interpretation of this is as follows. A certain value 
of terminal impedance fixes the ratio of Vn to Jn and hence 
the direction of the vector representing voltage and current 
Xn. This vector can be resolved into a sum of two eigen- 
vectors w, and w, as is done in equation (102). These 
eigen-vectors represent pure waves travelling in the forward 
and reverse directions respectively. Now if xn lies in the 
direction of the first axis of the matrix A of the quadri- 
poles it can be represented as just a single eigen-vector w, 
for a forward travelling wave, since w, also lies in the 
axis (Fig. 11). In this case there is no reflected wave. The 
condition of same direction for xn and the first axis of 
the A matrix is just that of equality of Z and (, which 
represent the slopes of the vector and the axis respectively. 

In the case of a reversible chain of quadripoles or a con- 
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tinuous line the expressions for the reflexion coefficients 
simplify to the well-known form. In particular the dis- 
tinction between voltage and current reflexion coefficients 


disappears. 


s=Cc=> 


r¢ 


S27 2. 


Z.+¢ Zt es dh caild 








Standing Waves 

The concepts of reflexion coefficient enable us to solve 
one important problem tackled by the usual theory of lines; 
that is, what is the voltage distribution on a line fed by a 
voltage generator of internal impedance Z; and electro- 
motive force E, terminated by an impedance Z? The 
situation is shown in Fig. 17 where the internal impedance 
Z. of the generator is regarded as forming an additional 
quadripole connected between the e.m.f. of the generator 
and the chain cf n similar quadripoles. The problem is 
to find an expression for the voltage and current, V; and /; 
at the / pair of terminals in terms of the e.m.f., E of 
the generator, the coefficients of the A matrix specifying 
the quadripoles, or rather the propagation constant y and 


sex 


Fig. 17. Voltage generator feeding a terminated chain of quadripoles 


| Mtl a co roa 



































the iterative impedances (, and ¢, for the quadripoles, and 
finally in terms of the impedances Z; and Z. 

We must start with the basic matrix equation for a chain 
of quadripoles: 


Xo = we = A! wn RO ohh earn 
I, I; 


When / = n we have the relation V; = ZJn so that: 


Wales be Dee (109) 
Io ‘ 1/Z 


Equation (108) can be inverted to give an expression for 
the x, matrix in terms of x, and hence by equation (109) 
in terms of Vn. 


ie (deal 
if Io 1/Z 


Our. problem can now be solved directly if we can find Vn 
in terms of E the generator e.m.f. To do this we consider 
the quadripole formed by the generator impedance Zs. 


This gives: 
x 1 Z)[Vo]_[! 2], ! 

ks oe ARES Se 1/Z 
When the matrix multiplication of the last part of this 
equation is carried out we obtain two equations. One 
gives E in terms of Vy and hence V» in terms of E which 
is required, while the other gives J, in terms of Vn and is 
already contained in equation (109). The first of these 


equations is: 


. (110) 


V, (11) 


a,,™ = 2 sinh my] "4 (2) 
a, = (G.e™Y mn Ge-™y)/(G + C2) 

If these values are used in equation (120) and then 
inserted together with equation (120) in equation (118) we 
obtain the required expressions for V; and /; in terms of 
E. The algebra is straightforward but a little tedious. The 


solutions are: 
GE e-y! oi tevii-2n) 


Vi = e wer Le 114 
aes PEK 1 — ste-*v" 7" 
E ; e-y! ake r eyil—2n) 


< + 2 1 — ore-*v" 


s and ¢ are the voltage reflexion coefficients at the input 
and output and o and 7; the corresponding current 
reflexion coefficients already referred to. These are the 
solutions usually obtained by solving the differential equa- 
tions of the line and imposing the boundary conditions. 

By expansion of the denominators of equations (114) and 
(115) using the binomial theorem these solutions are inter- 
preted as a standing wave on the line formed by repeated 
reflexions at the output and input terminals. 





= 


Conclusion 

The matrix approach to problems involving quadripoles 
in the form of filters and transmission lines gives a direct 
and flexible method of handling the theory. The use of 
differential equations is avoided and the concepts of: interest 
to electrical theory and practice find an immediate inter- 
pretation in the symbolism of matrices. 


NOTE. 

Recently the ideas explained in this article in connexion 
with quadripoles have been extended by Shekel® to deal 
with multi-terminal transducers. Such an m.t.t. is a net- 
work with a set of n-input terminals and n-output terminals 
instead of the two input and two output terminals of a 
quadripole. 

As in our analysis transfer matrices are derived for the 
m.t.t.’s and complicated m.t.t.’s are treated as a cascade of 
simpler ones. Shekel does not restrict himself to networks 
obeying the reciprocity relations, as we have done. Thus 
he is able to treat the theory of the distributed amplifier 
which involves m.t.t.’s with three input and three output 
terminals. 
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The BBC V.H.F Sound Broadcasting Station 
at Wrotham, Kent 


HE first of the BBC’S high-power, v.h.f. transmitting 

stations, at Wrotham, Kent, was brought into full service 
on May 2nd. It will transmit the Home Service, Light Pro- 
gramme and Third Programme in parallel with the existing 
long and medium wave stations and will serve a potential 
audience of some 13 millions in Greater London and the 
south-east of England. 

In recent years the service given by the existing medium 
and long-wave broadcasting stations operated by the BBC 
has been restricted by the limited number of wavelengths 
available for broadcasting within the United Kingdom. 
Moreover, interference from foreign stations has drastically 
reduced the coverage—particularly of the Home Service— 
in many parts of the country. 

This situation had long been foreseen by the BBC and 
as long ago as 1945 the Research Department began a series 
of tests in order to get first-hand information on the pos- 
sibilities of broadcasting on very high frequencies. As a 
result, it was decided, as a long-term project. to carry out 
comparative tests at high power. : 

To this end, an experimental station was built in 1950 
at Wrotham, Kent’. It comprised a single storey brick build- 
ing and a 470ft mast, the base of which is 730ft above 
sea level. The station was equipped with a 25kW f.m. 
transmitter and an 18kW a.m. transmitter both built by 
Marconi’s Wireless Telegraph Co. Ltd, and from July 1950 
until March of this year has been radiating on v.hf. 
a series of f.m. and a.m. signals. Invaluable experience 
was gained from these full-scale experiments’ as a result 
of which the BBC decided that it would be in the interest 
of the public to use f.m. for sound broadcasting in the 
v.h.f. band; this recommendation was subsequently 
endorsed by the Television Advisory Committee whose 
second report, published early in 1954, dealt solely with 
v.h.f. sound broadcasting. 

On the basis of its information and the experience pro- 
vided by the prolonged tests from Wrotham, the BBC’S 
Engineering Division put forward a scheme for providing 
a frequency-modulated v.h.f. service which will cover some 
98 per cent of the population. This scheme is divided into 
two parts. 

Stage 1, which will cover the main centres of population 
as quickly as possible and bring a v.h.f. service to about 
83 per cent of the population. Stage 2. which will require 
about 16 further high, medium, and low-power stations, 
has not yet been approved. 

The ten stations comprising Stage 1 with frequency 
allocations are given in Table 1. 

It is expected that v.h.f. stations will be operating from 
Pontop Pike, Divis and Meldrum by the end of this year 
and that Wenvoe will be in partial operation. By the end 
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Inside the cylindrical section of the mast which with the slots 
in its surface forms the v.h.f. aerial system. The horizontal 
bars form a screen behind the slots and serve to increase the 
bandwidth of the aerial. All the slots are fed with currents in 
phase and of equal amplitude via concentric feeders. 


of next year Wenvoe will be completed and further stations 
will be built at Sutton Coldfield, Holme Moss, Norwich, 
North Hessary Tor and Blaen Plwy (West Wales). This 
will mean that v.h.f. will be within reach of some eighty- 
four per cent of the population of the British Isles. 

When these first ten v.h.f. stations are completed, Home 
Service reception will have been made available to an 
additional 5 300000 listeners, Light Programme reception 
to an additional 2 900 000 and Third Programme reception 
to an additional 11 800 000 listeners. All these listeners are 
at present out of range of the BBC transmitters and the 
figures do not include some 34-4 million Home Service 
listeners whose reception is at present spoiled by foreign 
interference. 

At Wrotham, the original transmitters were designed so 
that they could be adapted to work as either f.m. or a.m. 
transmitters depending upon the outcome of the tests. In 
fact, the a.m. transmitter was converted to f.m. in January 
1954. Since the cessation of the experimental transmissions 
in March 1955, work has been in progress at Wrotham to 
install additional transmitters and carry out: modifications 
to those already on site, together with the associated aerial, 
drive, programme input and other auxiliary equipment. 














TABLE 1 
Station Frequencies (Mc/s) 

Light Third Home 
Wrotham 89-1 91:3 93°5 
Pontop Pike 88°5 90:7 92-9 
Divis 90:1 92:3 94-5 
Meldrum 88:7 90:9 93-1 
North Hessary Tor 88-1 90-3 92:5 
Sutton Coldfield 88:3 90-5 92:7 
Norwich 89-7 91-9 94-1 
Blaen Plwy 88-7 90-9 93-1 
Holme Moss 89-3 91-5 93-7 
Wenvoe 89-9* 92-1* 94-3* 

* Frequencies not yet confirmed. 
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The existing transmitters known as FMIA and FM2A 

will normally carry the Light and Third Programmes 
respectively. These are backed up by two new 4-5kW trans- 
mitters FM1B and FM2B which will act as spares Two 
further new transmitters FM3A and FM3B, each of 10kW 
output will operate together and carry the Home Service. 
The layout and design of the equipment for the Home 
Service transmitters has been so arranged that they will, 
ultimately, be automatic in operation. Certain. ancillary 
equipment common to all three services will also be auto- 
matic. 

The output and combining arrangements of these six 
transmitters are unusual and are of considerable interest. 
In the case of the first two pairs, the failure of the normal 
transmitter is covered by the reserve; manual switching of 
the outputs and application of power to the reserve being 
necessary. The outputs of whichever transmitters of these 
two pairs are operating are fed to a combining circuit, at 
the output of which the Light and Third programmes 
appear as a combined signal. This output is then split into 
two halves, each half being fed to one section of a further 
combining circuit. 

The output of each 10kW Home Service transmitter is 
arranged to feed the other section of this combining circuit. 
Thus at the outputs of the second combining circuit the 
signal appears as two half-power combinations of Home, 
Light and Third signals, and under normal conditions these 
two half-power combined signals are taken over separate 
feeders to the two halves of the aerial system. By this 
means the effect of faults developing in the transmitters is 
reduced to a minimum and the failure of any one transmitter 
or of one-half of the aerial would be almost undetected 
except by listeners on the fringe of the service area. In 
addition, a very comprehensive emergency switching instal- 
lation is provided to guard against the failure of the various 
combining circuits and the aerial system. 

Duplicate f.m.q. drives are installed for each service and 
these are fed simultaneously with the programme. Auto- 
matic changeover arrangements ensure that either drive 
may be selected, with the other acting as spare. The f.m.q. 
system of frequency 
modulation was de- 
veloped by Marconi’s 
Wireless Telegraph Co. 
Ltd and comprises a 
quartz crystal oscillator 
connected through a 
quarter-wave network to 
a balanced modulator, 
the susceptance of which 
varies with the modu- 
lating signal, and in turn 
varies the frequency 
generated by the crystal 
oscillator. The crystal is 
specially cut so that it 
does not produce spuri- 
ous harmonics’ within 
the operating range. The 
chief advantage claimed 
for this system of fre- 
quency modulation is 
that the circuits are 
much simpler than those 
of other systems, and 


One half of the f.m. trans- 

mitter output stage, which 

consists of two BR128 valves 

in parallel in an earthed 
grid circuit. 
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therefore more reliable and easier to maintain. 

The output of the crystal oscillator is passed through 
three stages of frequency doubling and one tripling stage 
to produce the required carrier frequency. In the case of 
the two original transmitters FM1A and FM2A there then 
follow five stages of amplification. The first two are con- 
ventional push-pull stages, while the remaining three are 
single-ended earthed-grid stages with coaxial-line tuning 
elements. The output stage consists of two BR128 valves in 
parallel, giving an output of 25kW. Supplies at 6kV and 
3kV for the valve anodes are obtained from hot-cathode 
mercury-vapour rectifiers in the power conversion plant 
which is installed behind the transmitter. 

The 4-5kW (FM1B and FM2B) transmitters are generally 
similar in electrical design to the earlier ones, the first two 
stages are push-pull and these feed two single-ended 
earthed-grid stages provided with coaxial-line tuning 
elements, one of which forms the output stage. 

The new 10kW transmitters (FM3A and FM3B) also 

follow closely on the design of the earlier transmitters 
having two push-pull stages followed by three single-ended 
earthed-grid stages and these three stages are again pro- 
vided with coaxial-line tuning elements. The final stage has 
two BR191B valves operating in parallel. 
- All six transmitters use air-cooled valves. The cooling 
system of the 25kW transmitters serves a dual purpose, in 
that air is drawn from outside, filtered, passed through the 
transmitter cabinets and then is either exhausted to atmo- 
sphere or re-circulated within the building for heating in 
cold weather The re-circulation system is fully automatic 
and controlled by thermostats. In the case of the 10kW 
transmitters the air is drawn from within the building and 
exhausted to atmosphere while the 4:5kW standby trans- 
mitters are cooled by air circulation entirely within the 
the transmitter building. 

Since the transmissions are automatically monitored at 
Broadcasting House no master control position is installed 
at Wrotham. If, however, a programme fault occurs an 
alarm will be given on the alarm and indication panel in 
the control room. This panel is equipped with a series of 
lamps indicating the condition of the various transmitters, 
drives, supplies and other auxiliary equipment associated 
with each programme. Any faults involving plant or equip- 
ment at Wrotham will be automatically indicated so that 
the appropriate action can be taken to remedy the trouble. 

Provision is included for the unattended operation of the 
Home Service transmitter in the early morning. For normal 
daytime operation three automatic monitors of BBC design, 
are installed at Broadcasting House, London, and these will 
compare the outgoing programmes with those received by 
radio from Wrotham; they are arranged to give an alarm 
at Wrotham in the event of programme faults being 
detected. For operation during the early morning, how- 
ever, changeover panels are provided at Wrotham and 
Broadcasting House which, when switched to the appro- 
priate position, transfer the Home programme monitor 
alarms at Broadcasting House. At the same time this. 
permits the Home programme to be sent to Wrotham by 
either the normal line and programme input equipment 
or by the Third programme line and its associated pro- 
gramme input equipment (which are not normally required 
for the Third programme until the evening). 

REFERENCES 
i tos a and F.M. Transmitters at Wrotham, Kent. Electronic Engng. 23, 94- 


2. BevAN, P. A. T. Some Aspects of V.H.F. Sound Broadcasting and F.M. 
Broadcasting Stations. Electronic Engng. 27, 96 and 147 (1955). 


4 


ELECTRONIC ENGINEERING 





| 


Reversible Dekatron Counters 


By L. C. Branson*, B.Sc., A.Inst.P. 


The basic problems involved in the bi-directional coupling of standard Dekatron tubes are briefly 
stated. A simple modification of the tubes permits the carry signals to be taken from transfer elec- 


trodes, and avoids the use of gating circuits. 


—- counters employing multi-electrode gas- 
discharge tubes of the kind typified by the Dekatron 
GCI10B are now well known’. In these tubes, the discharge 
is transferred from any one cathode to an adjacent cathode 
by applying negative voltage pulses to two groups of 
transfer electrodes which are interspaced between the 
cathodes. A unit count is effected by a sequential pair of 
pulses, one to each group of transfer electrodes, and the 
direction of transfer is determined by their sequence. Thus 
a single Dekatron is readily reversible. 


Problem With Standard Tubes 

However, when additional stages are added to extend 
the reversible counting range to 10s, 100s, etc., difficulties 
arise in the derivation of the necessary carry signals. For 
a uni-directional additive counter, the arrival of a discharge 
at a zero cathode provides a carry signal from which 
to derive pulses to operate the following stage. Similarly, 
in a counter operating on the subtractive sense only, 
the arrival of a discharge at a number-9 cathode can 
initiate the carry to the next stage. For a reversible 
counter in which each unit count may be positive or 
negative, it is not, however, sufficient to-insert resistors 
in the connexions to the zero and number-9 cathodes and 
use all the resulting signals. A carry in the positive sense 
is required only when the count in the first stage progresses 
from 9 to 0. and not when it regresses from 1 to 0: and 
similarly a negative carry is required only when the count 
regresses from 0 to 9, and not when it progresses from 8 
to 9. Thus if carry signals be taken from the ninth and 
zero cathodes, they must be gated according to the direc- 
tion of counting, and the circuit must be considerably more 
elaborate than for uni-directional counting. 


Modified Tubes 


In the counters to be described’ these difficulties are 
avoided by taking the carry signals not from the cathodes, 
but from selected transfer electrodes. For this purpose, 
special Dekatron tubes were cbtained having separate 
terminals for the two transfer electrodes between the 
ninth and zero cathodes. These transfer electrodes are 
herein called the carry electrodes. Fig. 1 shows the arrange- 
ment of electrodes and internal connexions, and Fig. 2 
shows the symbol adopted to represent the tube, and the 
basic circuit connexions. 

In a first counting stage, a unit count is effected by 
a pair of pulses, one being applied directly to the nine 
internally connected transfer electrodes 0,-8, and 
through an impedance Z, to the tenth, 9. A_ similar 
circuit is provided to apply the second pulse to the second 
group of transfer electrodes, 0,-9). Now when the count 
changes from 9 to 0 in the positive direction, or from 
0 to 9 in the negative direction, the discharge passes tem- 
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Several bi-directional coupling circuits are described. 


porarily in turn to each of the carry electrodes, 9, and 9», 
to produce differential voltages across the impedances Z, 
and Z». These constitute the carry signals required for 
operating the following stage. A carry in this next stage is 
required, and carry signals are provided, whenever the dis- 
charge in the first stage passes to the carry electrodes. 
Negative voltage pulses are derived from these signals and 
applied respectively to the a and b groups of transfer elec- 
trodes of the following stage, so that the sense of the 












































Fig. 1. Arrangement of electrodes Fig. 2. Basic connexions 
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Fig. 3. Simple former Li 





carry is correctly determined by the sequence of the signals, 
a,b, or b,a. 


Transformer Couplings 

The form of circuit chosen to drive a following stage 
may be varied according to the type of pulses driving the 
first. In some applications, each unit count is initiated 
by a pair of pulses of predetermined waveform, duration, 
and relative delay, and one following stage may then be 
driven using simple transformer couplings as shown in Fig. 
3. The pulses required for one forward and one backward 
count are indicated. In this, and the succeeding figures, the 
circuit associated with only one of the two groups of 
transfer electrodes is shown. Here, each impedance Z is 
made the primary of a transformer, and the secondary is 
connected, appropriately phased, between a positive bias 
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Fig. 4. Coupling by transformers and amplifiers 


supply and the corresponding electrodes of the second ‘stage. 
The shape of the transmitted pulses may be modified by 
tuning or loading the transformers, but they are inevitably 
degenerated in amplitude and waveform compared with the 
pulses to the first stage. Consequently this method has 
not been extended to further decades. 

More stages may be coupled by following the trans- 
formers with triode amplifiers as shown in Fig. 4, or with 
cold-cathode trigger tubes. However, such circuits still 
impose some limitation on the type of input pulses, since 
they must fail if the duration and relative delay of the 
pulses are long in relation to the low frequency response of 
the transformers or to the duration of the pulses provided 
by trigger tubes. The first pulse to the second stage would 
then decay, and the discharge return to the adjacent cathode, 
before the start of the second pulse. 


Resistive Couplings 

The usable variety of pulses may be extended by making 
the impedances Z, and Zy resistors followed by differential 
amplifiers. Such an amplifier, RC coupled, is shown in 
Fig. 5. The two valves V, and V, are so biased by the 
resistors R,, R, and R, that current normally flows through 
V. and not through V,. Input pulses which transfer the 
discharge to electrodes other than a carry electrode are 
applied equally to the two grids, without causing current 
through V,. But the arrival of the discharge at the carry 
electrode, 9,, makes V, grid positive with respect to V, 
grid, so that V, passes current. A negative pulse is thus 
produced in the anode circuit for operation of the follow- 
ing stage. 

A further step is to make the amplifiers direct-coupled 


Fig. 5. Coupling by resistors and RC coupled amplifiers 
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as shown in Fig. 6. Here each stage is driven by cathode- 
followers, V, and V,, which provide low impedance sources 
and enable the required positive bias to be applied to the 
transfer electrodes. The grid and cathode of the differential 
amplifier V, are directly connected across the resistor 
R, which is in series with the first carry electrode. The 
resistor R, is chosen so that V, is normally biased to 
cut-off; it has but little effect on the voltage at the carry 
electrode if a valve with a short grid base, such as a 
6SL7, is selected for V.-V;. Arrival of the discharge at 
the carry electrode 9, causes current through V., and 
the large negative pulse at V, anode is fed through the 
potential divider R,R, to the grid of the cathode-follower 
V,, which provides one of the drives to the next stage. 
Such a counter may be driven in either sense by suitably 
phased sine or square-wave inputs over the full frequency 
range from zero to 3kc/s. The counting rate may be 
extended by increasing the amplitude of the transfer pulses 
by by-passing the resistor R, with a capacitor. However, 
if the pulses change the transfer electrode voltages from 
+40 to —40V relative to the cathodes, the transfer 
between the a and b electrodes is effected by a potential 
difference of 80V, whereas transfers to and from the 
cathodes are effected by only 40V. The performance is 
improved if pulses are also applied to the cathodes. 
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Fig. 6. Coupling by resistors and direct-coupled amplifiers 


For this purpose, a common anode resistor is provided 
for the two valves, and the anode voltage applied through 
a potential divider to the grid of another cathode- 
follower which drives the Dekatron cathodes. The cathodes 
are thus driven negative when both transfer electrodes 
are positive, and positive when either transfer electrode 
is negative. In this way, and with rectangular input pulses 
of suitable mark-space ratio, counting speeds in excess 
of 10kc/s have been achieved. 

By injecting alternate positive and negative counts, the 
total may be caused to oscillate between 99999 and 
(1)00 000 at high speed without loss of control. A carry 
is transmitted from stage to stage with a delay of some 
2:Susec only. In contrast, in the usual system in which 
carry signals are taken from the cathodes, the carry is 
delayed in each coupling by the duration of two pulses, 
at least 40usec. 

A counter according to Fig. 6 has been in use for the 
past year. It employs direct coupling throughout. The 
primary controlling voltages are of sine form, in phase 
quadrature. They are applied to the deflector plates of 
a c.r.o. to indicate fractions of a cycle, and also to trigger 
circuits which provide inputs of square form to 

athe first Dekatron. With this system the discharges may 
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invest transfer electrodes when a reading is required, but 
a display of discharges at the electrodes 2,7:,9.,9., for 
example, is simply interpreted as a count of 2799. An 
alternative system uses flip-flops to cause the passage 
through zero in the c.r.o. display to coincide with the 
initiation of a pair of pulses to operate the decade counter. 
But then a display 1234-0 may indicate a true count of 
1234-0, or 1234-9, according to whether the flip-flops have 
just operated or are just about to operate. This ambiguity 
is avoided with the direct-coupled system, which indicates 





the true count with a display 1234-0 or 1234,0 which is 
interpreted as 1234-0, or 1235-0. 
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The Economics of the Transistor d.c. Transformer 
By G. Grimsdell* 


The advent of the power junction transistor makes possible a new method of converting a low 
voltage d.c. supply to a h.t. supply. In this article this method is compared, from an economic 
aspect, with the more conventional methods. 


A WIDE range of portable or vehicle-borne electronic 
instruments require high tension supplies at very low 
currents for their operation. Besides h.t. batteries, there 
are at present two well-known methods of generating high 
tension from a low tension d.c. source; these are the rotary 
machine and the vibrator, transformer, and rectifier. 





Two typical junction transistor d.c. convertors 
The small unit delivers 30V at 604A from a 1-5V input, and the larger 
unit delivers 125V at 40mA from a 12V input, with an efficiency greater 
than 70 per cent. 


The use of power junction transistors makes possible a 
third method of h.t. generation. It is the aim of this article 
to examine the economic aspects of the junction transistor 
h.t. generators or d.c. transformers as they have been called, 
and to compare them with those of existing methods. 

Both the rotary machine and the vibrator have 
mechanical losses which are relatively independent of the 
electrical power being handled by a particular machine. 

When the electrical output is comparable in power with 
this fixed mechanical loss, the total efficiency of the device 
will be low. Thus there is a lower limit of output power 
beyond which the efficiency falls very rapidly. An average 
small motor generator with 24V input gives an efficiency of 
50 to 60 per cent at SOW and 20 to 30 per cent at SW. This 
falls to an even lower efficiency at 2V input, while a typical 
vibrator power supply gives an efficiency of 70 per cent at 
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50W and 40 per cent at SW. At 100mW output both these 
devices have fallen to a very low efficiency indeed. Turn- 
ing now to the transistor d.c. transformer it is possible to 
maintain an efficiency of 60 to 75 per cent or better down 
to a power level of one or two milliwatts. 

Before suggesting the type of application where this new 
device can satisfactorily compete with existing methods a 
brief description of its essentials will be necessary. 

In general the basic steps of operation are the same as 
those in a vibrator power supply : — 


(1) To convert the d.c. input to a.c. 
(2) To transform the low voltage a.c. to a high voliage. 
(3) To rectify it and smooth the output. 


The fundamental fact that makes the transistor such a 
good generator of a.c. from a low voltage d.c. is its ability 
to pass a large current with very low voltage drop across 
it. 

A typical pentode valve may drop some 30V across 
itself to pass a current of 100mA in the “bottomed” con- 
dition. 

A junction transistor will drop only 0-2V. 

Thus even with a d.c. input of only 6V, the transistor 
acts as a very efficient switch. 


There are two possible modes of design approach : — 


(1) To use the transistor as a switch and generate non- 
sinusoidal a.c. leading to inductive surges, ringing, 
and the like. 


(2) To use the transistor as a sinusoidal generator. 


The first method is in general simpler and more efficient, 
but the latter may be preferable in special cases. 

In the second the sinusoidal waveform is perhaps more 
easily transformed to a high voltage and rectified, but has 
a much lower efficiency in its initial generation. In general 
the design problems are those of ensuring that the tran- 
sistor spends as much of its time as possible in the fully 
“ cut-off” or full “on” condition where its losses are low 
while keeping to a minimum the partially conducting transi- 
tion time where losses are high. 

Returning to a comparison between the transistor d.c. 
transformer and other devices it can be seen that there are 
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no fixed mechanical losses at all and the fixed electrical 
losses, caused by the transistor back leakage current, can 
be kept very low (microwatts). In addition, since no 
mechahical movement is involved the frequency of opera- 
tion can be made high enough (1kc/s or above) to simplify 
the subsequent smoothing problems. 

From an efficiency point of view the main use for the 
transistor d.c. transformer is in the low power level 
application. This will range from a few watts to about one 
milliwatt. Here the efficiency of generation is as far as 
the writer is aware very much better than any other device. 
It is even good enough to replace the h.t. battery in a 
number of uses, where it will be found that a low voltage 
battery and d.c. transformer is cheaper, smaller and more 
reliable than a high voltage battery. 

Among typical applications are supplies for Geiger 
Miiller nuclear counting tubes such as those which require 


between 400V and 600V at from 10uA to 50uA. The 
h.t. supply for battery operated cathode-ray tube instru- 
ments, h.t. for valve hearing aids (some 30V at 50uA), h.t. 
for radio frequency valve circuits in otherwise transistor 
operated battery radio and walkie-talkies, h.t. supplies for 
insulation testers, photo-multipliers, ionization chambers, 
see-in-the-dark infra-red image convertors, and many other 
devices. 

Another advantage of the d.c transformer is that, with 
suitable circuits similar to those of the electronically valve 
regulated mains power supply, the output voltage can be 
stabilized against load variations and battery input voltage 
changes. 

Undoubtedly other new applications will be found, once 
this new device is in use and becomes accepted as a reliable 
method of solving the h.t. supply problem where very 
low powers are needed. 





Comparison of H.T. Supply Sources 





AVERAGE MOTOR 
GENERATOR 


AVERAGE VIBRATOR 
POWER SUPPLY 


TRANSISTOR D.C. 
TRANSFORMER 


DIRECT H.T. 
BATTERY 





USEFUL POWER 
LEVELS 


Kilowatts to watts 


Hundreds of watts to 
one or two watts 


Several watts to one or 
two milliwatts 


Watts to “no lower 
limit” 





MAINTENANCE AND 
LIFE 


Lubrication, brush 
wear and commutator 
maintenance. Life very 
long indeed 


No maintenance 
usually given, but con- 
tact erosion usually 
sets limit of useful life 


No mechanical main- 
tenance at all, but 
device still so new that 
actual life not yet de- 
termined. Some life 
tests of thousands of 
hours already com- 
pleted 


Relatively short shelf 
life, particularly at 
high temperatures. 





WEIGHT AND SIZE 


In general, heavier than 
the other two devices 


Lighter than motor 


generator 


Lightest and smallest of 
the three, particularly 
at very low power 
levels 


Very high voltage low 
power batteries have a 
large ratio of insulation 
to active ingredients. 





VIBRATION AND 
NOISE 


Some vibration and 
noise, has some gyro- 
scopic effects and sen- 
sitivity to acceleration 
in aeroplanes 


Some vibration and 
noise, has some sen- 
sitivity to acceleration 
and vibration, particu- 
larly where designed 
for maximum efficiency 
at low output powers 


Produces no noise or 
vibration. Is not 
sensitive to accelera- 
tion or vibration 


Produces no noise or 
vibration. Is not 
sensitive to accelera- 
tion or vibration. 





ELECTRICAL INTER- 
FERENCE 


Produces some electri- 
cal interference, can be 
suppressed over a given 
bandwidth 


Produces some electri- 
cal interference, can be 
suppressed over a given 
bandwidth, but with 
rather more difficulty 


Produces no electrical 
interference as_ sine/ 
wave oscillator. Pro- 
duces some electrical 
interference as non- 
sinusoidal __ oscillator 
but in general easier to 
suppress than a me- 
chanical contact 


No interference at all. 








REGULATION Good, can be fitted Fair Not very good, but can Good. 
with stabilization cir- be fitted with stabiliza- 
cuits tion circuits 
INPUT VOLTAGE Any Any 1:5 to 24V Any voltage, but bulky 
RANGE and heavy at high 
voltages. 





OPERATING 
TEMPERATURE 
RANGE 


Up to 150°C or higher 


Up to 150°C or higher 


Present transistors 
limited to 60°C or 
perhaps 80°C. Future 
types may go up to 
150°C 


Upper limit of about 
80°C. 





OUTPUT VOLTAGE 


Any 


Any 


Any 


Any 





INTERRUPTION 
FREQUENCY AND 
SMOOTHING 
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Very little smoothing 
required, commutator 
ripple at kc/s 





50 c/s to 500 c/s. Full 
smoothing required 





Any frequency up to 
tens of kc/s, usual 
choice about 1kc/s, full 
smoothing required 





D.C., no smoothing at 
all required. 
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A Simplified Method for the Design of 


Logical Conversion Matrices 


By M. L. Klein*, S.B., A.M., Ph.D. 


Some uses for logical diode matrix networks are described. A numero-graphical method is explained 
for converting from one numbering system to another. Some possible practical applications for 
programming sequence control are suggested. 


HE purpose of this article is to show how logical net- 

works can be evolved quite simply. In particular, the 
design of diode matrices is shown to be essentially a 
translation from one numbering system to another. These 
networks find use in computers. More recently they have 
been applied to controlling sequences of events taking 
place at speeds in excess of the operational speed of relays 
and in the control of industrial processes where a sequence 
of events can be programmed. In the latter case, the net- 
work is programmed so that certain actions will take place 
as a consequence of the existence of certain conditions. 
The network, in conjunction with suitable transducers, 
senses the existing conditions and acts according to the 
programme. This is fundamentally what a logical network 
does. The operation of these networks is easily understood 
by examining how they translate from one numbering 
system (such as binary) to another (such as trinary). 


Numbering Systems 


There are several numbering system in use. Probably 
the most familiar is the decimal system upon which 
most day-to-day transactions are based. This system uses 
ten distinct symbols or marks: the numbers 0 to 9 placed 
in specific order in accordance with certain rules of 
sequence which are common to all numbering or counting 
systems. Numbers such as 1954, 10, 19, 179 203 are thus 
quite familiar to us. 

Earlier civilizations, in a way more ingenious, did not 
use ten distinct symbols for counting. A numbering 
system used by the Mayan Indians had only five symbols. 
Although their symbols did not resemble ours, for simpli- 
city and by convention we will say their numbering system 
ran from 0 to 4; five distinct symbols only. 

The most commonly used system in computers and the 
simplest uses only two symbols and is called binary code. 
We will call these symbols 0 and 1. With this system, 
counting can be accomplished with only two rules of 
addition and two of multiplication to commit to memory. 
Moreover, electronically these two operations are per- 
formed readily with bistable devices. 

More lately, work has progressed using tristable devices 
allowing use of a trinary or three-symbol code. 

Another system uses binary coded decimal in which 
only the numbers 1, 2, 4 and 8 in our decimal system are 
used to represent all the numbers between 0 and 9. Thus, 
3 is presented as the sum of 1 and 2. The number 5 is the 
sum of 1 and 4, and so on. This is particularly convenient 
in allowing binary-operated equipment to be read in 
decimal magnitudes. 
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Conversion to a Common Raster 


Since there are several coding systems’ in use, it is 
often necessary to convert from one numbering system to 
another. A simple method to allow conversion from one 
system to another makes use of a raster or mesh of 
non-intersecting leads and crystal diodes. In particular, a 
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Fig. 1. Eight count binary-decimal diode conversion matrix 


method using a common raster will be discussed which 
permits a plug-board construction. This permits changing 
the conversion matrix quite simply depending upon which 
number system is being translated. More important, while 
it does not use the minimal number of diodes possible, it 
is readily understood. We will first be concerned with 
converting the input code to the vertical leads of the 
common raster. 


The conversion is ordinarily accomplished electrically 
with a diode matrix. Refer to Fig. 1. This is a binary 
to raster matrix. Setting up the binary numbers on the 
switches at the left implies that certain lines are grounded 
and certain lines are not grounded. At the top of a matrix 
is a voltage supply bus-bar, and each vertical line has a 
current-limiting resistor. If the orientation of the binary 
code switches is such that the current can flow through a 
diode to ground, the line supply potential is dropped across 
the current-limiting resistor and the neon light at the 
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the vertical line is not grounded anywhere, part of the 
potential is available to light the neon bulb at the bottom 
of the line. Notice that no matter how the switches are 
oriented, one and only one vertical line is ungrounded at 
a time and therefore a single lamp glows at a time. This 
is a logical network to the extent that a certain set of 
conditions (binary numbers) lead to a certain unique con- 
clusion (a single glowing tube). 

Suppose now we are confronted with the problem of 
constructing this matrix—that is, designing the array of 
diodes and interconnexions. This can be done with Boolean 
algebra with some labour. An alternate procedure, which 
performs the same logic, can be set down to reduce the 
problem to a single graphical process. It is necessary to 
know how many decimal numbers are to be represented— 
that is, 128, 8, 904.093 and so on. A vertical line is ruled 
for each number. In Fig. 2, for simplicity, we havé used a 
sixteen lead raster. We are to convert to 0 to 15 from a 
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Fig. 2. Sixteen count diode matrix in binary configuration 1011 


binary code. In binary, we recognize that four bits or 
columns of 0’s and 1’s are needed to represent all the 
numbers from 0 to 15. In general, the power of the number 
of marks in the system gives the number of bits (binary 
digits) needed to represent (no. marks) decimal numbers. 
Since a binary system has two marks, (2)* = 16 decimal 
numbers, and therefore four bits will represent any decimal 
number from 0 to 15. Orthogonal to the vertical leads we 
draw a pair of lines for each bit required. Here we require 
(see Fig. 2) four pairs of lines, and the top of each pair 
has been marked “1” and the bottom of each pair “0.” 
Thus, each of the pairs represents one of the binary 
numbers in the bit, and a switch connecting “1” to 
ground means the bit has the significance of “1”, and 
connecting “0” to ground means the bit has the signifi- 
cance of “0.” 

We have adopted the convention that the topmost pair 
is the right-hand bit. Therefore, the top switch touching 
“1,” the second “1,” the third “0” and the fourth “1” 
represents the binary coded number 1 011. It is important 
that the convention be kept in mind. 
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bottom of the line will not glow. On the other hand, if 





The next step is to construct a table of numbers convert- 
ing binary to decimal. Thus, for sixteen numbers: 








TABLE 1 
BINARY DECIMAL | BINARY | DECIMAL 
0.000 0 | oun 7 
0.001 * | 1.000 8 
0.010 2 | 100 | 9 
ool | 3 ie, Se 
0 100 4 a: ae ee: 
0 101 5 | 
0110 6 ete. 














The next step is to “read” the chart on to the raster. 
This is done by making a check mark at the intersections 
of the horizontal (binary) and the vertical lines in the 
following way: 

1. Refer to the conversion table, choosing one decimal 

number and its binary code. 


2. Identify the vertical lead with the decimal number. 















































3. Check the intersection of this lead with each 
horizontal lead representing the binary code for the 
number. 
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Fig. 3. Nine count trinary diode conversion matrix 


For example, for decimal 0, one finds checks at each 
intersection of the 0 vertical line with a 0 horizontal line. 
For decimal 2, one finds checks at the intersection of the 
2 vertical line with horizontal 0 topmost, 1 next pair 
down, 0 next pair down, 0 last pair down. This, by the 
convention adopted above, reads binary 0010, which from 
Table 1 we see is decimal 2. The final step is to indicate a 
diode at each intersection where a check has not been 
placed. The result is the matrix performing the unique 
conversion to a single vertical lead for any orientation of 
grounding switches representing binary code. As a further 
example, a trinary to raster conversion will be performed. 
Fig. 3 shows the raster. We will now use nine decimal 
numbers which are represented by two sets of three lines. 
Notice with a three-number system, each set of horizontal 
leads has three lines instead of the two of binary. In 
general, each set requires as many lines as there are 
distinct marks in the numbering system. In binary there 
are two, in trinary three, in quinary five. 

We now set down the table converting whaeey:: to 
decimal. ° 
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TABLE 2 
TRINARY | DECIMAL | TRINARY | DECIMAL 
00 0 12 | 5 
01 | i 20 6 
02 | 2 21 | 7 
10 3 | 2? | 8 
11 4 i | ee 











Next we check each line intersection, following the 
same convention as before, topmost set of leads repre- 
senting the right-hand column of trinary numbers. All 
unchecked intersections are diode-connected to produce 
the result wanted. 


Operational Usage 
This same sort of reasoning can be used to perform 
an operational control on a system which performs a 
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Fig. 4. Trimary to decimal conversion matrix applied as an operational 
indicator 


NORMAL STATES—-NO SIGNAL 


Up-up ; trinary 22; dec. 8 
N-n ; trinary 11; dec. 4 
Dn-dn ; trinary 00; dec. 0 


thinking operation in a sense. Take the trinary 
system of Fig. 3 and redraw it. As Fig. 4, it will now be 
considered as representing one of three positions of an 
aeroplane elevator and one of three attitudes of the 
aeroplane. There are nine distinct combinations of the 
elevator position and the resultant aeroplane attitude. 
Each of these we represent as a trinary number. It is 
assumed that the elevator positions up, neutral, down are 
indicated by the switch as well as the aeroplane attitude 
up, neutral, down. Let us free the pilot from worrying 
about some things by programming that when the elevator 
is up, the plane’s attitude must be up; when down, the 
plane’s attitude must be down; when neutral, the plane is 
neutral or straight and level. If these situations exist, every- 
thing will be considered normal and we will not notify 
him of these conditions. However, if the elevator is down 
and the plane goes up or remains straight and level, or 
the elevator is up and the plane goes down or straight and 
level, or any other situation but the previously mentioned 
three exists, he should be notified that things are not as 
they should be. This we will do by ringing a bell. 

This problem is precisely the logic of a trinary to raster 
conversion matrix. Those decimal numbers (see Table 2) 
representing any condition but the three acceptable ones 
are terminated thrqugh a diode connexion to the common 
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bell. Thus, any indication of a non-acceptable set of con- 
ditions will warn the pilot. 

It is obvious how this can be expanded to deal with a 
multiplicity of possible operational states and their pos- 
sible results to perform logical operations for any given 
combinations of states. The methodology indicated for 
numbers would be perfectly adaptable. 


Conversion from Raster to Arbitrary Code 


Having obtained decimal equivalents of an arbitrary 
input code by causing a signal to arrive on a distinct line, 
we are interested in a method for developing a diode 
matrix for coming back out with any other arbitrary 
code. This is again a matrix developed by graphical 
means. Refer to Fig. 5. Say we choose to come back 
out with a binary code. This means the signal must be 
fed to those lines representing the binary digits of the 


Signal activates one raster lead 
only at given instant 
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Fig. 5. Raster to binary eight count diode conversion matrix 
Specific conversion shown converts decimal 3 to binary 11. 


decimally numbered leads. This is the same as Table 1. 
Now we again draw the vertical raster for each decimal 
number of the system and the horizontal pairs of lines 
representing the binary code, topmost pair again repre- 
senting the right-hand bit. We again check the inter- 
sectional points representing the binary numbers for each 
decimal number. However, to go from raster to code, we 
now connect at those points where the checks are made 
with a diode. The diode direction is found by inspection 
and must allow current to pass to the proper horizontal 
leads. A resistor is shown at the end of each binary line 
to develop a voltage when the current flows through it, 
and this voltage can be used as needed. 


Code to Raster to Code 


There remains to connect the two matrices together. 
This quite obviously would consist of connecting the 
appropriate common raster vertical lines of the input 
decoder to the output coder. Thus, connecting the raster 
lines of Fig. 3, trinary to common, to the raster lines of 
Fig. 5, common to binary, would produce a composite 
matrix which would instantaneously convert a trinary 
code to a binary code. Any arbitrary input can be con- 
verted to any other arbitrary output. The raster becomes 
convenient as a standard intermediary, since a uniform 
plug patching arrangement can be devised for all output 
coding matrices. 
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An Expanded Time-Base Using a Miller Integrator 


By V. N. Rao*, M.Sc., A.M.LE.E., and V. Sankarasubramanyan*, B.E. 


This article deals with a special type of linear time-base in which the sweep speed is enhanced 

over a small portion. This time-base can be used for accurate range measurement in fire-control 

radar and also for increasing range resolution in the early-warning radar sets which use A-scope 
representation. 


N radar, the simplest method of representing echoes from 

targets and of measuring range is by means of A-scope 
representation where the cathode-ray spot moves horizon- 
tally at a constant speed. This sweep may represent either 
a small part of, or nearly all the period between succes- 
sive pulses. Knowing exactly the instant at which the 
sweep starts relative to the transmitted pulse and also the 
time interval occupied by the sweep, the exact range can 
be determined. The accuracy of this is, however, limited 
by the operator’s ability to align the echo and the cali- 
brator signal. If an attempt is made to increase the 
accuracy of this determination by increasing the time-base 
speed so that the entire length of the cathode-ray trace 
corresponds to a smaller period of time, then there is the 
drawback that only a small part of the observable range is 
being shown on the cathode-ray tube. This difficulty can 
be overcome by using a sweep in which the sweep speed 
is enhanced over a small portion at a point correspond- 
ing to the echo under consideration. This expanded portion 
will now occupy a larger part of the cathode-ray trace 
than before and hence over the expanded portion a given 
length of the trace will represent a smaller increment of 
range. In this manner the accuracy of range determina- 
tion can be increased. This method does not cause any 
appreciable reduction of the total range represented by the 
time-base. This type of time-base has been used? for 
accurate range determination in Naval fire-control radar. 
This can also be used in early warning radar sets where 
the time-base can be expanded. at any point desired and 
hence the range resolution improved at that point. 

The circuit described here provides such an expanded 
time-base using a conventional Miller integrator. Fig. 1 
shows the entire circuit. In this circuit, a pulse derived 
from the radar transmitter is applied to the cathode 
coupled multivibrator shown by valve V, and associated 
circuit. At the anode of the second triode section of V, 
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Fig. 1. 


a positive rectangular waveform is obtained and the front 
edge of this waveform corresponds in time to the front 
edge of the transmitted pulse. This waveform is applied 
to the suppressor grid of a pentode V, which is connected 
as a Miller integrator. Normally, without any output from 
V,;, the waveform at the anode of V, will be a linear 
voltage fall terminated by the minimum voltage possible 
at the anode of V.. With the values used in the circuit, 
the duration of the time-base is about 600usec. The 
portion of the circuit containing the valves V, to V, is for 
producing a large positive pulse whose position can be 
moved anywhere along the time-base. 

In order to produce the positive pulse mentioned above, 
the negative rectangular waveform from the anode of the 
first triode section of the valve V, is applied to the control 
grid of V,. Due to the action of the capacitor C, a saw- 
tooth waveform is produced at the anode of V,. This wave- 
form is applied to the control grid of a sharp cut-off 
pentode V,, the cathode of which is returned to an adjust- 
able positive potential. By moving the positive potential 
on the cathode, a rectangular waveform with a variable 
negative edge can be obtained. This is then differentiated 
and the negative pulse sliced and amplified in the stages 
comprising of V,, V, and V,. Slicing is done ay V,, which 
is a sharp cut-off pentode and the sliced pulse is shaped 
and amplified by the valves V, and V,. A beam power 
tetrode is used in the last stage of this circuit to provide 
a large positive pulse in the output. 

The grid leak resistance of the Miller integrator comprises 
two resistors R, and R, and the positive pulses from V, are 
applied across one of them (R.) as shown in Fig. 1. The 
potential to which the grid leak resistance is returned will 
therefore be a positive voltage En: superposed by a positive 
pulse of amplitude E.. The rate of fall of the voltage at the 
anode of V. can be shown to be given by: 


AE 


ae iia 


The complete circuit 
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Fig. 2. Circuit waveforms 


where A = Voltage amplification of V, 
R,=R, +R, 
E = the potential to which the grid leak resistance 
R, of V, is returned. 





As a result of the application of the positive pulse, the 
time-base will have a constant slope over all the portions 
except over the portion where the pulse is applied. Here 
the slope will be higher by an amount which depends on 
the ratio of the pulse amplitude E, to the voltage En. By 
varying the amplitude of this pulse, the slope of the 
expanded portion can be varied. Also by varying the 
cathode potential of V,, the position of the expanded 
trace can be moved. 

Some of the waveforms obtained with the above circuit 
are shown in Fig. 2. The time-base waveform along with 
the waveform at the second anode of V, is shown in 
Fig. 2(a). The time-base along with the pulse can be seen 
in Fig. 2(b). In order to demonstrate the improvement in 
range resolution with this type of time-base, oscillations 
obtained in a ringing circuit are shown in Fig. 2(c) with 
this time-base applied to the X plate of the cathode-ray 
tube. 

The pulse which causes the expansion of the time-base 
is also shown in the figure for comparison. The effect of 
moving the position of the expanded portion may be seen 
by comparing Figs. 2(c) and 2(d). Also it can be seen 
from these figures that the speed of the expanded trace is 
about three times that of the rest of the time-base. 


REFERENCES 
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2. Laws, C. A. A Precision Ranging Equipment using a Crystal weal asa 
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A Transfer Function Analyser 


An equipment is described which will indicate 
to a first order, the resolved components of a test 
signal at the output of a servo amplifier or similar 
device. The indication provided remains accurate 
when harmonic distortion is present, even when 
this interference is comparable in amplitude to 
that of the fundamental test frequency. The trans- 
fer function analyser is also suitable for analysis 
of passive networks which have an overall loss. 


N the course of servo-mechanism development and 

manufacture, it is customary to examine performance 
in terms of phase and amplitude characteristics over the 
frequency range concerned. In the development stage 
where complete informaticn is required, it is usual to plot 
this information in the form of a polar diagram (i.e. 
Nyquist diagram). (Automatic preseritation of results in 
the form of a Nyquist diagram have so far failed to dis- 
criminate against harmonics). In production testing how- 
ever measurement at say three fixed frequencies will usually 
provide the necessary proof of satisfactory performance. 

The measurement of phase and amplitude may on first 
consideration appear a straightforward matter as it can be 
argued that such measurements are commonplace in the 
electrical laboratory. However, servo-engineers are only 
too well aware that while a servo can readily be disturbed 
with sinusoidal influence, the presence of non-linearities 
in the system frequently give rise to an output which is far 
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from sinusoidal. Consequently, if the results of measure- 
ments are to be reliable, it is essential that the technique 
employed be capable of operating on the fundamental com- 
ponent only and discriminating against harmonics and un- 
related frequencies which may be present, and the system 
of measurement should then give an overall accuracy to 
within (say)+1 per cent. The Transfer Function Analyser 
was primarily developed for use in the design and testing 
of servo systems and the above mentioned need for high 
discriminating power of overall accuracy received fore- 
most consideration. The complete equipment comprises 
two separate units: — 


(1) L.F. oscillator OS.103, and 
(2) L.F. phase sensitive voltmeter VP.253. 


The transfer function analyser. 
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Principle of Operation 


The oscillator provides a sinusoidal electrical disturbance 
of known voltage and frequency to the system under test. 
The resulting signal, at the desired point of measurement, 
is then directly indicated by the low frequency phase sensitive 
voltmeter. This instrument displays the measured signal in 
the form of two resolved voltage components, utilizing the 
oscillator output voltage as phase reference. The phase 
sensitive voltmeter employs the wattmeter principle for 
phase resolution and consequently achieves the desired 
characteristic that the measurements obtained are un- 
affected by the presence of harmonics or unrelated 
frequencies. 


Brief Specification 
FREQUENCY RANGE 


Nominal range 0°5c/s to 1 000c/s. 
As the frequency is reduced below 


consequently readjustment of the level control is necessary 
only when the highest possible accuracy is required. 

The required voltage gain in the phase sensitive voltmeter 
is obtained in a three stage d.c. amplifier with blocking 
between stages. The resulting phase shift at low frequen- 
cies is neutralized to a first order by equivalent blocking 
on the reference inputs. 

The problem of amplifier drift is thus eliminated with 
the introduction of negligible phase error. 


CARRIER AND NON-ELECTRIC SERVOS 

A considerable number of servo systems utilize in them- 
selves either electronic or magnetic amplifiers and in such 
cases the transfer function analyser is suitable for direct 
application. When carrier techniques are employed it will 
be necessary to modulate the electrical disturbance on to the 
carrier and to de-modulate the resulting signal before it is 
applied to the phase sensitive voltmeter. In instances where 








0-5c/s the indicating meters will 
give increasing response within the 
cycle. By noting the mean value of 
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The oscillator section covers a fre- i ATTENUATOR | | 160” — 
quency range of 0O0lc/s_ to + o Sensitivity Signal 
11-1ke/s. Available —*1\ real safes 

known voltages :- unbalance J 
FORCING VOLTAGE 1OV-lOmV rms. ") Quad.(lead) 
The oscillator provides known pone otal 
voltage from 10V r.m.s. to 10mV__ balanced a 
unbalanced or 20V r.m.s. to 20mV pan ~ SYSTEM tput Input to system 
balanced. For cases of low input is vest 
impedance the oscillator will pro- rs amnn cre 
vide current drive up to 10mA phase) Se 
indication of 


r.m.s. 


InpuT RATIO (L.F. Phase Sensitive 
Voltmeter). 

Full scale indication for 50mV to 150V thus giving use- 
ful ratio of at least 30000: 1. 


ACCURACY 

Frequency accuracy +1°'5 per cent 

Amplitude a +3 per cent 

Phase i as determined by resolved 
component display will be better than+2 per cent. 


Operating Procedure 

Fig. 1 illustrates the basic operational set-up for the 
Transfer Function Analyser. 

The oscillator operates at constant level of 10V r.m.s. 
per phase and a special cable connects the 4 phase output 
to the phase sensitive voltmeter for reference energization. 

A calibrated attenuator provided in the oscillator permits 
a suitable known voltage to be applied to the work. Hav- 
ing chosen the most suitable sensitivity range for the volt- 
meter, all that is required is to rotate the frequency controls 
of the oscillator over the desired range, readings being 
noted at suitable intervals. 

Where spot checks only are required as for production 
testing, the decade tuning system of the oscillator facilitates 
rapid selection of the desired frequencies. 

The oscillator output voltage is stabilized to within +5 per 
cent over its entire frequency range of 0:0lc/s to 11:1kc/s. 
Variation over limited sweeps will be considerably less and 
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Fig. 1. Basic operational set-up 


the servo system has no electrical link, transducers and 
pick-ups will be required in order to get the necessary 
intelligence into and out of the system in question. 

In such cases as mentioned above, where it is necessary 
to employ equipment in addition to the transfer function 
analyser, the transfer characteristics of this equipment 
alone may be readily determined utilizing the transfer 
function analyser, and corresponding allowance made in 
the final results. 


VIBRATION ANALYSIS USING TRANSFER FUNCTION ANALYSER 

The transfer function analyser is well-suited to the in- 
vestigation of the behaviour of large structures when sub- 
jected to forced vibration. 

A typical example is an airframe under test. The forced 
vibration is applied by way of the oscillator, a power 
amplifier and a vibration motor. The aircraft is supported 
by its own tyres at reduced pressure level. A number of 
pick-ups are located at various parts of the airframe and 
switched in turn to the phase sensitive voltmeter. One 
pick-up is usually chosen as reference point and all meas- 
urements of amplitude and phase are then noted relative 
to the reference point. This procedure eliminates phase 
error due to the power amplifier and vibration motor. 


Acknowledgments 
The equipment described is manufactured by the Solar- 
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Dielectrics and Waves 


Edited by A. R. von Hippel. — pp. 115 + oe. 
Demy 8vo. Wiley & Sons lie 
Chapman & Hall Ltd., fn 1955. Price bag 
—_ von Hippel, who is the 
Director of the Laboratory for In- 
sulation Research at M.I.T., is one of 
the leading American workers on the 
subject of dielectrics and has used his 
wide experience of the subject to write 
a comprehensive review. Dielectrics are 
of interest not only to electrical 
engineers but also to physicists and 
chemists and the aim of the author is 
the very laudable one of combating 
specialization by discussing insulating 
materials in a way designed to interest 
these three groups of workers. The elec- 
trical engineer is usually only interested 
in the “macroscopic approach” in which 
a material is described by the three 
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RESISTANCE 
STRAIN GAUGES 


By J. Yarnell, B.Sc., A.lnst.P. 
Price 12/6 (Postage 6d.) 


This book deals in a practical manner 
with the construction and application 
of resistance gauges and with the 
most commonly used circuits and 
apparatus. The strain-gauge rosette, 
which is finding ever wider applica- 
tion, is treated comprehensively, 
and is introduced by a short exposi- 
tion of the theory of stress and strain 
in a surface. 


Order your copy through 
your bookseller or direct from 
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constants, permittivity, permeability and 
conductivity, and this forms the theme 
for the first part of the book. The 
interest of the chemist and the physicist 
is in the “microscopic approach” by 
which the material properties are 
related to the molecular structure and 
this is discussed in the remainder of the 
book. 

The first section of some 90 pages 
gives a conventional treatment of electric 
and magnetic fields, developing Max- 
well’s equations and giving solutions for 
plane wave and waveguide propagation. 
Vector methods are used, an appendix 
giving the results which are required, 
but the condensed nature of the treat- 
ment makes it unsuitable for anyone 
coming to the subject for the first time. 
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BOOK REVIEWS 


The second section is less familiar to 
the electrical engineer and so of more 
interest. The keynote of the author’s 
development of the subject is that 
enough is now known of the relation 
of the electrical constants of a material 
to its molecular structure for it to be 
nearly possible to “engineer” materials 
to have desired properties. The import- 
ance of this idea to the development of 
electrical engineering is obvious and it 
is desirable that research engineers should 
know what can in fact be done. 
necessary step is a knowledge of present 
theories of atomic and molecular struc- 
ture and this topic is introduced 
together with a descriptive account of 
wave mechanics. The author has suc- 
ceeded in producing a clear summary 
of what is essentially a difficult subject. 

The remainder of the book applies the 
ideas of the molecular structure in dis- 
cussing a variety of topics including 
dielectric and magnetic effects, piezo- 
electricity, ferroelectricity, conduction 
and breakdown. The only major criti- 
cism which can be made is that the 
author has tried to do too much, and as 
a result many of the topics introduced 
have to be dropped just as they become 
most interesting. This is offset, however, 
by numerous references to published 
papers. 

JOHN BROWN. 


Handbook of Microwave 
Measurements 


Edited by Moe Wind and Harold Rapaport. 
1,000 pp., 500 figs. Royal 4to. Two volumes. 
—- Institute of Brooklyn. 1954. Price 


HIS book is an attempt to present in 

the simplest possible form a large 
number of microwave measurement tech- 
niques. As the editors point out, most 
quantities can be measured by several 
different methods, and it has been their 
aim to present as many different methods 
as possible for each type of measure- 
ment. There are 20 chapter headings, 
covering all the common measurements 
such as frequency, standing-wave ratio, 
Q-factor, antenna measurements, etc., 
and some less common ones, such as 
voltage breakdown, r.f. leakage, and 
duplexing tube characteristics. 

Clearly, a primary objective has been 
to explain the experimental methods in 
the simplest possible way, even to the 
extent of employing a step-by-step des- 
cription of the procedure which the 
reviewer suspects is not really necessary 
in most cases. 

For example, the procedure for 
measuring frequency with a “frequency 
meter with an internal indicator” begins 
as follows:— 

“1. Select a frequency meter that will 
cover the approximate range re- 
quired. 

2. Plug or screw the antenna used 


276 


with the frequency meter into the 
roraginine supplied (if necessary). 


3. If an ‘ on-off’ switch is supplied, 
turn it to the ‘on’ position and 
allow thirty seconds for the warm- 
up of the tubes.” 

The final step is:— 

"9. If necessary, make use of equa- 
tion (1) to convert wavelength to 
frequency or vice-versa.” 


This is followed by an account of the 
procedure for using a “frequency meter 
without internal indicator”. 

The above example is an extreme one, 
but in many other places obvious advice 
is given at great length. Another gem 
is—“To determine the accuracy of a 
specific instrument, refer to the applic- 
able instruction book”! 

For some measurements sources of 
error are considered most carefully, for 
others the treatment is rather super- 
ficial. For example, a limit is set to per- 
missible  v.s.w.r. of the receiver in 
measuring the directivity of a directional 
coupler, but no indication is given of the 
effect of this on the final result. 

Having made these criticisms, it must 
be said that the book contains a great 
deal of very useful material, and the 
plentiful detailed numerical examples 
will be found most helpful by the begin- 
ner in this field of work. 

The book is Lithoprinted in facsimile 
of typewriting, no doubt for economy, 
and the lines are not justified, so that 
the general appearance is not particu- 
larly attractive. Volume I contains the 
text, and Volume II the _ illustrations. 
This arrangement has some advantages 
(for example, the illustrations are really 
adequate in size and are always easily 
referred to), but a drawback is the large 
amount of desk space taken up when 
both volumes are open at the same time. 


A. L. CULLEN. 


Protective Wrappings 


By C. R. Oswin. 268 pp., 50 figs. Demy 8vo. 
Cam Publications Ltd. 1955. Price 32s. 
§ ke collated work was first published 
in the form of a series of articles in 
The British Packer. Mr. Oswin has 
spent many years on research into the 
properties and applications of wrappings. 
He has become well known throughout 
the world as a leading authority on the 
subject. 

The book is an analysis of the use of 
thin flexible wrappings for protecting 
perishable merchandise. It presents the 
manufacturer with a means of restrict- 
ing his field of choice, consequently 
reducing the amount of experiment 
necessary for the final selection of a 
wrapping material. It is in three parts, 
each complete with references, and des- 
cribes the common commercial wrap- 
pings selection for generalized purposes, 
and specific applications. 
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By V. K. Zworykin and G. A. Morton. 1,037 pp. 
200 figs. Demy 8vo. 2nd Edition John Wiley & 
Sons Inc., New York. Chapman & Hall, London. 
1954. Price 140s. 
i> second edition of this comprehen- 
sive treatise on television practice 
recommends itself once again by the 
reputation of its authors. First pub- 
lished in 1940, when television was stiil 
a novelty to the general public, and a 
headache to industry, it comprised some 
600 pages. The 1954 edition of over 
1000 pages, reflects the considerable pro- 
gress made in the entertainment side of 
television since those early days, and its 
many new applications in the. industrial 
field. It is lamentable that this same 
progress has also increased the price of 
the book from 36s, to 140s., which will 
debar many who would profit from its 
possession from having it on their book- 
shelves. This is an example of a situa- 
tion to which publishers of text books 
must give increasing attention. 

The original character of the book, 
which covers the whole range of the sub- 
ject from fundamental physics to engi- 
neering applications, has been retained. 
Every chapter has been revised and 
brought up to date. New devices, such 
as transistors, are included within the 
original framework. Two new sections 
have been added, dealing respectively 
with Colour Television, and Industrial 
Television. Of course the general ap- 
proach is American in viewpoint, al- 
though generous reference is made to 
British and other contributions. There 
are some notable omissions however, 
particularly our work on flying-spot con- 
tinuous motion film-scanners, our con- 
tribution to camera-tubes, and work on 
using television processes for film pro- 
duction. The bibliography given at the 
end of each section is comprehensive, but 
not complete. 

In conclusion, it should be said that 
anyone remotely connected with tele- 
vision will profit by reading this book. 


L. C. JESTy. 


Protective Current Transformers 
and Circuits 


By P. Mathews. 253 pp. Demy 8vo. Chapman 
& Hall Ltd. 1955. Price 36s. 

HIS book is one of a series recom- 

mended for publication by the Tech- 
nical Papers Panel of the British Thom- 
son-Houston Company, Rugby. It has 
been written in the interests of those 
concerned with advanced theory and 
practice of engineering. A careful selec- 
tion of material has been made so as to 
give a consistent and adequate theoret- 
ical groundwork and to illustrate its ap- 
plication to practical problems. 


Radar Pocket Book 


By R. S. H. Boulding. 176 pp. 70 figs. Post 8vo. 
George Newnes Ltd. 1955. Price 15s. 
Ts book provides, in clear and con- 
cise form, information on the basic 
electrical principles and formulae applic- 
able to radar, together with data on the 
various parts of a radar installation. It 
is well illustrated, and includes many 
typical circuit diagrams of the different 
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units of modern radar equipment, with 
their operation clearly explained. Engi- 
neers and operators concerned in the con- 
struction, installation and use of radar 
equipment will find this compendium 
useful. 


Frontier to Space 


By Eric Burgess. 174 pp. 50 figs. Demy 8vo. 
Chapman & Hall Ltd. 1955. Price 21s. 

HIS book gives an account of how 

modern rockets are enabling man to 
obtain knowledge on conditions at the 
frontier to interplanetary space in order 
that he will be able to predict the 
behaviour of vehicles moving at high 
speeds in the rarefied upper regions of the 
earth’s atmosphere. Most of the book 
could be read with interest by persons 
with little, if‘any, scientific knowledge. 
A few parts require a moderate know- 
ledge of the engineering sciences and 
mathematics. There is an interesting 
foreword by the Astronomer Royal, Sir 
Harold Spencer Jones. 


Magnetic Alloys and Ferrites 


Edited by M. G. Say. 2 p-, 55 figs. Demy 
8vo. George Newnes Ltd. 1954. Price 21s. 
To object of this book is to provide 

information on the wide variety of 
materials now at the disposal of the 
electrical engineer and component de- 
signer. In the first section of the book 
Professor Brailsford gives an account of 
modern views on the fundamental pro- 
cesses of magnetization. The related sub- 
jects of materials for magnetic record- 
ing and magnetostriction, together with 
magnetic compensating and non-mag- 
netic alloying are included. 


Chemical Engineering Instruments 
and Control Methods 

Edited by E. Molloy. 182 pp., 100 figs. Demy 

8vo. George Newnes Ltd. 354. Price 21s. 

B hers book has been compiled to pro- 
vide a practical guide for industrial 

chemists and chemical engineers both in 

the chemical industry and in the various 

industries where chemical engineering 

techniques are employed in the manufac- 

turing processes, 


Generation and Transmission 


y C. S. Beckett. 124 pp., 50 figs. Demy 8vo. 
3rd . Blackie & Sons Ltd. 1954. Price 


I’ this book the author has attempted 
to present these two subjects in such 
a way that the student may obtain a good 
general knowledge of them. A great 
deal of the material is naturally descrip- 
tive, and although it has not been possi- 
ble to go into detail about all parts of 
the equipment, points of major import. 
ance have been emphasized. The 
general standard is that of an engineer- 
ing degree and the work, as a whole, is 
intended to meet the needs both of the 
university and technical college student 
and of the practising engineer. 
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ELECTRONIC EQUIPMENT 


A description, compiled from information supplied by the manufacturers, of new components, 


Electronic Counter 
(Illustrated below) 


jb Counter Type 865 is a high speed 
electronic scaling unit with a maxi- 
mum counting speed of 1 million per 
second and no limit to the minimum 
counting speed. 

It provides a large, clear and brilliant 
display consisting of numbered windows 
illuminated by 6°3V 2W bulbs. Each 
window is jin square and the indication 
is easily readable up to a distance of 
20ft. Six decades are provided, with 10 
lamps in each decade, so that the instru- 
ment gives a direct reading of all counts 
up to 999 999, and a non-resettable elec- 
tro-mechanical counter mounted on the 
front panel extends the range of indica- 
tion up to 9999 million. 





The main display may be switched on 
or off at will without affecting the opera- 
tion of the counter in any way, and this 
facility ensures, negligible wear of the 
lamp switching relays. 

The instrument will count any input of 
negative peak amplitude, between 1:5 and 
50V providing the waveform passes 
through zero once everv cycle. Hence 
sinusoidal signals and both recurrent and 
random pulses can be counted. A gating 
circuit is incorporated to enable the 
counting operation to be switched on and 
off both manually and by means of an 
external signal. The speed of operation 
is such that no errors are introduced up 
to the maximum counting rate of one 
million per second. 

Resetting the counter to zero is accom- 
plished either by operation of the reset 
switch or by externally closing a circuit. 
Since both gating and resetting operations 
may be carried out externally, the instru- 
ment may be employed in conjunction 
with suitable auxiliary equipment for 
making time, speed and frequency mea- 
surements. 

The relays employed to switch the 
lamp display are provided with extra 
contacts to enable an external circuit to 
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accessories and test instruments. 


be made or broken at a pre-determined 
count in the range of 0 to 999999 and 
two terminals are fitted on the front panel 
to bring out the connexions. In addi- 
tion to an output signal in the form of a 
narrow pulse at every millionth count is 
available from an output plug. 


Airmec Ltd, 
High Wycombe, 
Buckinghamshire. 


Microwave Spectrum Analyser 
(Illustrated below) 


toe Racal spectrum analyzer type 
SA.18 is designed to give direct visual 
indication of the energy distribution of 
r.f. signals over the frequency range of 
2000 to 4000 Mc/s. 

A feature of the analyzer is that it 
utilizes a new type oscillator valve known 
as the “Carcinotron.” This valve is 
basically a microwave oscillator of the 
backward wave type combining the prin- 
ciples and advantages of the magnetron 
and the travelling wave amplifier. Its 
most important characteristic is that its 
exceptionally wide tuning range is 
covered solely by varying the h.t. volts 
applied to the line electrode. No 
mechanical tuning is required. 

In this instrument the Carcinotron is 
employed as a local oscillator the out- 
put of which is mixed with the input 
signal in a low Q coaxial line mixer. The 
signal is then taken through a variable 
precision attenuator to the if. stages, 
detected and after video amplification 
fed to the Y plates of a cathode-ray 
tube. 

The centre frequency of the Carcino- 
tron is determined by adjustment of the 
h.t. voltage and sweeping of the frequency 
is achieved by applying the sawtooth 
time-base voltage, via a series regu- 
lating valve to the line voltage. The 
steady voltage is displayed on a meter 
which is calibrated to show the centre 
operating frequency. 

The visual display is presented on a 
6in cathode-ray tube which is situated 
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together with a line voltage meter, show- 
ing frequency, and time-base and tuning 
controls on the sloping upper panel, The 
lower panel carries the controls and 
meters for adjusting and monitoring the 
Carcinotron power supplies. 


Racal Ltd, 
Western Road, 
Bracknell, 
Berkshire. 


Moving-coil Relays 
(Illustrated below) 
HIS type of re‘tay, which is extremely 
sensitive and positive in operation 
may be used for a wide variety of pur- 
poses. It is particularly useful where a 





close differential between operating and 
resetting values is desired. The move- 
ment is of the conventional d’Arsonval 
type. 

Besides a normal pointer, the moving- 
coil carries a light contact arm, which, 
on reaching the setting value, makes con- 
tact with a high or low fixed contact. The 
latter are movable over the scale in order 
to adjust the setting value. 

In order to relieve the contacts from 
heavy duties which might have an ad- 
verse effect on the relay sensitivity, one 
or more “slave” relays are mounted in 
the relay case. 

These relays are available designed for 
a number of applications and in a wide 
range of sensitivities. 

The Record Electrical Co. Ltd, 
Broadheath, 

Altrincham, 

Cheshire. 


Measuring Oscilloscope 
(Illustrated above right) 
_ type WM.I oscilloscope is-a com- 
pact general purpose instrument pro- 


vided with d.c. coupled amplifiers. 
Voltage measurements are carried out 
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by means of a circuit unique to E.M.I. 
oscilloscopes. A displayed waveform 
or a selected portion can be expanded 
(with the unwanted parts excluded) and 
measured on the voltmeter. In addition, 
voltages may be measured relative to 
points above or below earth potential. 
This is invaluable when servicing a.c.- 
d.c. equipments. The time-base locks 
accurately to multiples or sub-multiples 
of the scanning waveform and the syn- 
chronizing signals may be derived either 
internally or from an external source. 
External signals may te used for the 
horizontal scan and are symmetrically 
fed to the c.r.t. X plates. 

The range of voltage measurements 
covered is from 0:2 to 500V a.c. and d.c.; 
the deflexion sensitivity is lem/V and the 
maximum bandwidth is 3Mc/s. Time- 
base frequencies extend from 3c/s to 
120kc/s and a saw-tooth of amplitude 
160 to 200V is available for use with 
other apparatus. 


E.M.I. Electronics Ltd, 
ayes, 
Middlesex. 

Power Oscillator 

(Illustrated below) 
HE model D120 power oscillator 
which provides a power output of 120 
watts over a wide frequency range has 
been designed for use with the Good- 
mans vibration generator model 390A, 


where appreciable power is required for 
forced vibration excitation. 
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The unit is a complete drive equip- 
ment consisting of an oscillator and 
power amplifier with its associated power 
supplies contained in a mobile console 
cabinet. 

The frequency range is 10c/s to 10 
ke/s in three ranges; calibration accu- 
racy is + 2 per cent; hum level is 
— 70db; and distortion less than 2 per 
cent. 

Goodmans Industries Ltd, 
Axiom Works, 

Wembley, 

Middlesex. 


Transistor Transformers 
(Illustrated below) 


Bo type F transformers have 
Jbeen designed for use in transistor 
circuits, the size of these units being 
17/32 by 7/16 by 5/16in. Five standard 
types covering input, interstage and out- 
put requirements are available and spe- 
cial types can be wound to order. The 
transformers can be supplied either open 
or mounted in mumetal screening cans. 


John Bell and Croyden, 


117, High Street, 
Oxford, 


Approx. 
actual 
size 








Aluminium Soldering Tool 
(Illustrated above) 


—_— Belark soldering tool is designed 
to overcome the difficulties encoun- 
tered in making soldered connexions to 
aluminium. 

A small steel wire-brush located in the 
solder-bit vibrates and cleans the surface 
by mechanical means. A_ pool of 
molten solder around the solder-bit pro- 
tects the spot from air, which would 
otherwise oxidize again immediately. As 
soon as the oxide film is broken up, the 
molten solder tins the surface. The 
joining operation can then te finalized 
either with the same tool or by any ap- 
propriate method. 

The heating element is directly con- 
nected to the mains while the vibrator is 
controlled by a trigger. 

The Belark Tool & Stamping Co. Ltd, 
33, Sussex Place, 
London, W.2. 


“Vitricon” Capacitors 


. ITRICON ” capacitors have a di- 

electric material and a protective 
material consisting of vitreous glazes, 
which are fired on to the copper plates 
at very high temperature. No organic 
materials are used in the construction, 
and they are therefore capable of oper- 
ating at high ambient temperatures. The 
electrical properties are also satisfactory 
at high temperatures, the insulation re- 


279 





sistance being maintained in excess of 
10°. at an ambient temperature of 
L5O°C, 

The composition of the dielectric glaze 
may be varied in order to provide a 
selected value of temperature coeffi- 
cient, anywhere in the range of 400 parts 
per million/°C negative, to 120 parts per 
million/°C positive. The capacitors are 
manufactured in styles having the termi- 
nals integral with the copper plates, or 
wire terminals welded to the plates. 

At normal ambient temperatures, the 
insulation resistance is better than 
10° and the upper working tempera- 
ture is 200°C. At present, the capaci- 
tors are being made in three miniature 
sizes, the largest of which is 0°64in. x 
0-42in x 0:15in and having a maximum 
value of 400pF. 


Meta] Film Resistors 


N these hermetically sealed metal film 

resistors the resistive element com- 
prises a noble metal alloy, burned into 
the surface of a glass tube. A helix is 
cut in this film, thereby increasing the 
aspect ratio considerably and enabling 
the resistors to be made to a close toler- 
ance. The element is mounted within a 
second glass tube, and both are soldered 
into metal caps hermetically sealing the 
space containing the film. The resistors 
have a stability comparable with the best 
wire wound resistors, but have the ad- 
vantage of offering considerably higher 
resistance values in a given size. The 
size at present being produced, which is 
1iin long x tin diameter, is available in 
values from 1k®2 to 1M. The stability 
is better than 0°05 per cent. 

The temperature coefficient is depend- 
ent on resistance value, and is between 
300 parts per million/°C and 360 parts 
per million/°C positive, higher values 
having the lower coefficient. 

The size of resistor mentioned above 
is rated at 1 watt, and since there is no 
voltage limitation of the component, it 
is capable of the maximum dissipation 
in the highest resistance values. 


Welwyn Electrical Laboratories Ltd, 
Bedlington, 
Northumberland. 


Process Timers 


HE range of electronic process timers 

now standardized by Hilton, have 
several interesting features. A_ pre- 
determined voltage attained across a 
capacitor fed from a d.c. source through 
adjustable resistors calibrated in time, is 
detected by a cold cathode gas discharge 
triode. The triode, at the expiration 
of the time set on the two dials, fires, 
and a pulse of current is passed through 
a “ pilot” relay which controls the main 
a.c. power relay. The main relay, in 
addition to carrying “work” contacts 
capable of switching 10A at 440V a.c., 
is fitted with auxiliary contacts for hold 
on and for switching the timing circuit. 

The range includes timers designed for 
push button starting and for starting by 
the sustained closing of a pair of con- 
tacts. Provision is made for linking two 
or more timers to operate automatically 
in sequence with or without self cycling. 


Hilton Electric Co. Ltd, 
52, Pool Street, 
Wolverhampton. 
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Short News Items 


The Seventh British Electrical Power 
Convention will be held at The Dome, 
Brighton, from 27 June-1 July. The 
president of the convention is Sir Harry 
Railing, chairman and managing direc- 
tor, General Electric Co Ltd, and the 
vice-president is Sir John Dalton, chair- 
man, W. T. Henley’s Telegraph Works 
Co Ltd. 


The 1ith annual meeting of the 

i Institute of Navigation will 

be held at Montgomery, Alabama, from 

23-25 June. Presentations will cover 

theoretical and practical aspects of civil 
and military navigation. 


The Radio Component Show, held 
recently at Grosvenor House, London, 
was visited in three days by more than 
20,000, including visitors from twenty- 
three foreign countries. 


A Silicones for Industry Exhibition 
will be held in Manchester at the Mid- 
land Hotel from Monday, 13 June, to 
Saturday, 18 June. Invitations to the 
exhibition can be obtained on request 
from Midland Silicones Ltd, 19 Upper 
Brook Street, London, W.1. 


The School of Engineering, Burnbank, 
Hamilton, Lanarkshire, recently staged 
an exhibition of electronic equipment 
which was patronized by some twenty- 
six firms. 


A new mobile Decca Radar Unit has 
left London on a tour of all the ports 
of the United Kingdom and will be 
returning to London towards the end of 
September. This new unit consists of a 
specially constructed caravan equipped 
with the Decca 212 having ample space 
to accommodate up to ten people at a 
time in comfort. The caravan is hauled 
by a Land Rover specially fitted with 
a 5kW generator driven from the main 
engine which provides the power to 
drive the radar alternator, also fitted in 
the Land Rover, and all other electrical 
services. 

On 25 April, 1955, the total number 
of ships of all classes for which Decca 
radar has been ordered exceeded 4000. 


E.M.I. Ltd announce that their 
trainees in this year’s Physical Society 
Craftsmanship and Draughtsmanship 
Competition scored outstanding  suc- 
cesses, being awarded the Ist, 2nd and 
3rd prizes in the Class VI, Senior Grade. 
The judging was made from 130 selected 
entries in this nation-wide competition 
which included 21 organizations such as 
the radio, electrical and motor indus- 
tries, the National Coal Board, British 
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Electricity Authority, British Railways, 
six schools and one training centre. 


The College of Technology, Birming- 
ham, recently held a Diamond Jubilee 
Year Associateship Presentation cere- 
mony at the Town Hall, Birmingham. 
The occasion was for the conferment of 
Honorary Associateships of the College 
on five men who have risen to control 
some of the largest industrial organiza- 
tions in Great Britain, and the awarding 
of Associateships of the College of 
Technology to 128 men and women 
working in Midland industry who have 
completed to high standards schemes of 
advanced study in the several depart- 
ments of the College. 


Gresham Transformers Ltd, on extend- 
ing their manufacturing capacity, have 
transferred the production of small 
transformers for the Electronics Division 
to their Lion Works on Hanworth 
Trading Estate, Feltham. Mr. K. G. 
Lockyer has been appointed manager of 
Lion Works. He was formerly produc- 
tion manager with Solartron Laboratory 
Instruments, having previously been with 
Philips (Mitcham Works) Ltd, Plessey, 
and London Electrical Co Ltd. 


Cable & Wireless Ltd announce the 
opening of a new direct multi-channel 
v.h.f. radiotelephone service between 
Gibraltar and Tangier. Prior to the 
new service being inaugurated, telephone 
communication across the Straits of 
Gibraltar to Tangier could only be 
offered by a landline and cable route, 
by way of Spain. The improved 
facilities now offered will reduce the 
cost of calls to 5s. for three minutes. 


Dowty Nucleonics Ltd has been regis- 
tered as the new trade name and title 
of the firm Davis, Wynn & Andrews, 
pioneers in the development of instru- 
ments used in_ electronics, recently 
acquired by the Dowty Group. The new 
company represents an important and 
far-reaching addition to the Dowty in- 
terests, which already include aircraft, 
agriculture and coal mines. The organi- 
zation will now be in a position to par- 
ticipate in important new fields of 
development and in line with the recent 
Government announcement regarding the 
future development of atomic energy. 


Electran Coil Winding & Transformer 
Co Ltd, following on recent changes in 
management and reorganization of staff, 
announce a reduction in the price of 
radio transformers and chokes. The 
current catalogue is available and there 
is an open invitation to visitors who 
would care to inspect the works at Lich- 
field Road, Aston, Birmingham, 6. 
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The Radio Industry Council announces 
that the first of the students who entered 
three-year technical training courses 
started in 1952 are now about to enter 
the radio industry. The courses were 
organized by the Ministry of Education, 
following consideration of training prob- 
lems by the Radio Industry Council’s 
Technical Training Committee and the 
Radar Sub-Committee of Lord Hankey’s 
Technical Personnel Committee, at five 
London and provincial centres. The 
object of the courses is to provide 
students so well trained in the theory 
and practice of electronics that they will 
be able, on completion, to take their 
places at once as assistants to qualified 
research and development engineers. 


Aero Research Ltd, Duxford, Cam- 
bridge, were visited by H.R.H. The Duke 
of Edinburgh on the occasion of a 
special display commemorating | their 
twenty-first anniversary. 


The General Electric Co Ltd has sup- 
plied the equipment for another micro- 
wave radio television link in Switzerland. 
It connects Uetliberg (Zurich) with La 
Dole (Geneva) and on the way ties in 
with the trans-Alpine Chasseral-Monte 
Generoso link, which was supplied by 
the G.E.C. twelve months ago for the 
Eurovision exchange of programmes. 
The new link forms part of a television 
network which will cover most of Swit- 
zerland. It was installed by Hasler S.A. 
on behalf of the Swiss Post, Telegraph 
and Telephone Administration. 


The 15MeV Accelerator for radio- 
therapy and _ radiobiological research 
which was designed and constructed by 
Mullard Ltd, and described in the 
December, 1954, issue, has now been 
installed at St. Bartholomew’s Hospital. 
The president, His Royal Highness The 
Duke of Gloucester, recently performed 
the official opening ceremony. 


The BBC, as the result of a recent 
meeting with the Lieutenant-Governor’s 
Advisory Committee on Broadcasting in 
the Isle of Man, has now decided its 
plans for the future development of 
television and sound broadcasting for the 
island. The temporary television trans- 
mitter at Carnane, near Douglas, is 
giving a satisfactory service to about 60 
per cent of the island’s population. In 
addition to this, a new permanent tele- 
vision station has been erected at Divis, 
near Belfast. This station is expected to 
begin operating in July of this year, and 
it is hoped that it will give a satisfac- 
tory service to viewers living in the 
North of the Isle of Man, provided they 
are favourably situated and use good 
aerials. This transmission from Divis, 
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together with the transmission from 
Carnane and also with the transmission 
already received in reasonable quality by 
viewers of Holme Moss direct, will mean 
that from the summer this year the 
majority of the population of the island 
should receive satisfactory service. Mean- 
while, the BBC has been searching for a 
suitable site on which to erect a per- 
manent television transmitter for cover- 
age of the whole island. After consider- 
ing and testing a number of alternative 
proposals, it became obvious that the 
summit of Snaefell would give an 
entirely satisfactory service to the island 
as a whole. The Ministry of Transport 
and Civil Aviation, for reasons of safety 
of life, was not prepared to grant per- 
mission for such a station to be erected 
unless the BBC could demonstrate by 
tests that no interference would be 
caused to the Ministry’s transmitting and 
receiving station which is already operat- 
ing on Snaefell. For reasons of geo- 
graphy, and other commitments, these 
tests cannot take place until early 
summer 1956. The Ministry also reserves 
the right to close down the transmitters 
temporarily should the safety of aircraft 
be in danger. However, the BBC con- 
fidently hopes to begin the erection of 
the permanent television transmitter on 
the Snaefell site immediately after the 
necessary tests have been carried out. At 
the same time, in order to improve the 
island’s sound broadcasting reception, 
the BBC proposes, subject to Post Office 
approval, to incorporate three v.h.f./ 
fm, transmitters in the Snaefell site. 


The Post Office announce that two 
sets of regulations come into force on 
1 September giving the Postmaster~ 
General power to control interference 
with radio (including television) from 
refrigerators, and from domestic and 
industrial appliances which are driven 
by small electric motors. The regulations 
lay down the requirements which must 
be complied with by manufacturers, 
assemblers, and importers of all elec- 
trical refrigerators and by users of new 
and old electric motors. These arrange- 
ments were recommended by the 
Advisory Committees appointed under 
Section 9 of the Wireless Telegraphy Act 
1949, and the regulations have been 
drawn up with the agreement of these 
Committees. 


The Societe Belge de Physique held its 
annual general meeting recently and the 
following officers were elected. President, 
Professor P. Wings; Vice-Presidents, Pro- 
fessors W. de Kryzer, J. Delfosse and 
G. A. Homes. The Secretary-General is 
Dr. M. C. Desirant and the address of 
the Secretarial Office is A.C.E.C. Physics 
Research Laboratory, Charleroi, Bel- 
gium. 


Crane Packing Ltd., of Slough, a mem- 
ber of the Tube Investment Group of 
Companies, has just completed the 
design and construction, in their own 
works, of special plant and equipment 
for the extrusion in substantial quanti- 
ties, to exact and uniform standards of 
quality, of the plastic polymer Polytetra- 
fluoroethylene ). 
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Pye Ltd announce that the largest 
television outside broadcast van yet pro- 
duced by them recently left their Cam- 
bridge factory bound for Bayerischer 
Rundfunk, the Bavarian State Broad- 
casting Station in Munich. The van has 
provision for three camera chains, as 
well as standby equipment to enable it 
to work independently of the main 
station. Space has been left in it for 
special German sound equipment and 
tape recording machines. 


At the annual general meeting of the 
British Radio Equipment Manufacturers’ 
Association, Mr. M. M. Macqueen was 
re-elected chairman. No _ vice-chairman 
was elected and the existing Council 
was re-elected without change. 


The Portuguese Civil Aviation Author- 
ities have purchased from International 
Aeradio Ltd the basic units of an Air 
Traffic Control Trainer capable of 
application for aerodrome approach and 
airways training. The equipment will be 
installed at Portela Airport, Lisbon. 


Sydney S. Bird & Sons Ltd announce 
that their works have now removed to 
Fleets Lane, Poole, Dorset. Telephone 
Poole 1640. The London sales office is 
now at 3 Palace Mansions, Palace 
Gardens, Enfield, Middlesex. 


Atkins, Robertson & Whiteford Ltd, 
92/100 Torrisdale Street, Glasgow, S.2, 
have opened a London office and show- 
room at 53 Victoria Street, London, 
S.W.1, to deal with the inquiries from 
London and the South for transformers 
and electronic instruments. 


Armstrong Wireless & Television Co. 
announce the appointment of three of 
their senior staff to the Board of Direc- 
tors. They are Mr. A. Adams (Sales 
Manager), Mr. T. Nikolin (Production 
Manager), and Mr. G. Tillett (Chief 
Engineer). 


The Solartron Electronic Group Ltd., 
announce that Mr. Bowman Scott. 
M.B.E., has been elected a Member of 
the Board. Mr. Scott, who joined the 
Company from Urwick, Orr & Partners. 
will continue his duties as Personnel and 
Training Officer for the Group and will 
also be concerned closely with Group 
organization and policy. 


Harwin Engineers Ltd. have recently 
acquired additional premises at 
Uxbridge, Middlesex, to be devoted to 
increased production of Terminal Lugs. 
All sales and technical inquiries should 
continue to be addressed to 101-105 
Nibthwaite Road, Harrow: telephone: 
Harrow 0381. Mr. D. D. Windram has 
been appointed General Works Manager 
to the company. 


. 


Erratum. In the letter entitled “A 
Versatile Pulse Shaper” which appeared 
on p. 188 of the April issue, for “. . . 
delays up to 1-5Mc/s” read “. . . delays 
up to 1*Susecs”. 
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PUBLICATIONS 
RECEIVED 


APPLIED RESEARCH IN_- ELECTRICAL 
ENGINEERING is a summary of this research 
in progress in university colleges and technical 
colleges in London and the Home Counties. 
The summary has now been prepared for the 
seventh year in succession and copies may be 
obtained from the Secretary, Regional Advisory 
Council for Higher Technological Education, 
London and Home Counties, Tavistock House 
South, Tavistock Square, London, W.C.1. 


C.M.A. RUBBER AND THERMOPLASTIC 
INSULATED CABLES is the subject of a recent 
brochure roduced by Enfield Cables Ltd, 
Victoria ouse, Southampton Row, London, 
W.C.1. 


SINGLE SIDEBAND FOR THE RADIO 
AMATEUR prepared by the Headquarters staff 
of the American Radio Relay League is a com- 
prehensive digest of articles on the subject, re- 
vised in line with current practice. There are 
over 300 illustrations, including charts, tables 
and formulae. American Radio Relay League 
Inc., Administrative Headquarters, West | Hart- 
ford 7, Connecticut. U.S.A. Price $1.50 in the 
United States, $1.75 elsewhere. 


SOME RECENT ADVANCES. IN TINPLATE 
MANUFACTURING PROCESSES by W. E. 
Hoare is a reprint of an address given at the 
%h International Congress on Packaging held 
at Parma, Italy, in September, 1954. The paper 
is a review of the present stage of development 
of tinplate manufacturing methods. Tin Research 
Institute, Fraser Road, Perivale, Middlesex. 


E 1955 MARCONI INSTRUMENTS CATA- 
LOGUE OF TELECOMMUNICATION MEAS- 
UREMENT EQUIPMENT AND INDUSTRIAL 
ELECTRONIC INSTRUMENTS is available to 
senior engineers and executives, on request. 
This publication contains sections on frequency 
measurement, voltage and power measurement, 
distortion measurement, transmission measure- 
ment, signal generators and accessories, oscilla- 
tors and accessories, bridges and Q meters, te'e- 
vision and radar test equipment, pH measure- 
ment, moisture measurement, and industrial 
X-ray apparatus. The instruments are indexed 
both alphabetically and by type number. 
Marconi Instruments Ltd, St. Albans, Hertford- 
shire. 


WIRELESS AND ELECTRICAL TRADER 
YEAR BOOK 1955. A valuable new feature of 
this 26th edition is the special section giving 
both alphabetical and territorial lists of radio 
and electrical wholesalers in which association 
members are indicated, while the complete text 
of the wages agreement covering radio and tele- 
vision service engineers together with wage rates 
and details of the rates of pay of radio and 
television shop managers and assistants, 1s again 
included. Other data includes specifications of 
current radio receivers covering Over 250 models, 
legal and licensing information and a directory 
of trade associations. Trader Publishing Co. Ltd, 
Dorset House, Stamford Street, London, S.E.1. 
Price 12s. 6d 


PAYMENT SECURED gives a brief description 
of the work undertaken by the Exports Credits 
Guarantee Department, 9 Clements Lane, 
Lombard Street, London, E.C.4. 


STRUMENTS FOR ELECTRICAL, ACOUS- 
iy CAL, RADIOACTIVE, VIBRATIONAL, 
STRAIN GAUGE and ELECTRO CHEMICAL 
MEASUREMENTS is the subject of a catalogue 
produced by the Danish company Bruel and 
Kjaer, for whom Rocke International Ltd act 
as their London office. This range of electronic 
equipment is imported in quite large numbers. 
Rocke International Ltd, 59 Union Street, Lon- 
don, 


VALVES FOR A.F. AMPLIFIERS is a booklet 
in the Philips’ Technical Library series and shows 
the radio desi an setmaker how 
to build amplifiers. Cleaver-Hume Press Ltd, 31 
Wrights Lane, London, W.8. Price 10s. 6d. 
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LETIERs 10 THE EDITOR 


(We do not hold ourselves responsible for the opinions of our correspondents) 


An Electromechanical Current 
Stabilizer for an Electrolytic Cell 


Dear SiR,—We have recently found a 
need to stabilize the current through an 
electrolytic cell running at a current of 
1A with a p.d. of about 5 to 10V. A 
coulometer is not suitable for measur- 
ing a current of this magnitude and since 
the resistance of the cell tends to fluctuate 
during an electrolysis, automatic current 
stabilization is necessary so that the 
quantity of electricity passed can be esti- 
mated from the time occupied by the run. 

Many of the d.c. current stabilizers 
previously reported in the literature are 
unsuitable for our purpose as they pro- 
duce much smaller currents than we re- 
quired. Others giving the necessary 
power employ gas-filled valves which we 
did not possess. We have, therefore, 
designed and built an electromechanical 
controller using only parts readily avail- 
able in most research laboratories, which 
will give a continuously variable con- 
trolled d.c. output of up to 2A. The 
stability has been checked by a record- 
ing meter and is about +02 per cent at 


1A. With slight modifications much 
larger controlled currents could ove 
obtained. 


The circuit is shown in Figs. 1 and 2 
It is essentially a balanced 2-stage push- 
pull dc. amplifier. Through a relay 
system this operates a reversible 24V 
motor, mechanically coupled by a worm 


gear to a Variac supplying the power 
transformer and rectifier. The operating 
voltage is obtained across the variable 
control resistor VR: which is in series 
with the electrolytic cell or cells; making 
this resistor variable enables us to set the 
magnitude of the stabilized current. If 
VR; is varied or if the current through it 
varies, the voltage change is reflected in 
a change of potential between the anodes 
of V; and V., between which is connected 
relay A, a polarized micro-armature 
changeover relay. This relay is the 
heart of the controller and operates on 
25HA; in turn it energizes one or the 
other of two P.O. type relays B or C feed- 
ing the reversible motor. The con- 
nexions are such that the Variac is 
driven in the sense which tends to pro- 
duce zero voltage across relay A. 


If an open-circuit develops in the cell 
line or if the resistance of a cell rises 
beyond the controlling range of the cir- 
cuit, relay B will close and the controller 
will drive the Variac up to its maximum 
setting. In order to avoid damage 1 
fourth relay, D, is provided which is 
energized through the mechanically 
operated microswitch S: to cut the power 
to the motor when the Variac setting 
reaches some arbitrary value, in our case 
220V. (Switch S: is normally shut). With 


this simple arrangement however, when 
this point is reached the controller is no 
longer capable of re-setting itself when 
the cell circuit is re-made or the resist- 
ance reduced. 


To avoid the need for 
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Fig. 1. 
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Circuit showing a balanced 2-stage d.c. amplifier 
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mechanical re- setting, S. is connected 
across an extra pair of contacts on relay 
C (which is used to drive the Variac ‘o 
lower settings). On remaking the cir- 
cuit, relay B opens and relay C closes: 
S: is thus shorted out and the motor can 
operate again. As soon as the Variac 


Rig 33kQ h 
+ht. 











VR, 
ae 
Oo 
8, 
Fig. 2. Reversible Aircraft Antenna Motor 
(U.S. surplus equipment). type BA 24V 


5-5A_ Fitted with magnetic clutch and reduction 
gear 


setting falls below 220V, S: closes again 
and the operation becomes normal. 

The sensitivity of the instrument is 
such that with the motor running at full 
speed the overshoot causes hunting, even 
with the mechanical reduction of 130 to 
1 provided by the worm gear. To avoid 
this it is necessary to reduce the voltage 
supplied to the control motor, by means 
of the variable resistor VR: It may also 
be necessary to connect a small capacitor, 
say 0:14F, between the anodes of V; and 
V.. By being able to vary the voltage, 
the control point can be approached 
rapidly when setting the control to a 
particular value. The voltage across 
relay A may be appreciable when the in- 
strument is off balance at the start of a 
run but the overload permitted on this 
relay is sufficient to prevent any damage 
on this account. The controller will 
operate with a minimum of 5V input. It 
can therefore, be run at currents greater 
or smaller than 1A if there is sufficient 
range to VR, and if there is sufficient 
output voltage available. By increasing 
the ratings of the output transformer and 
rectifier the controlled power can be 
greatly increased. 

This note is published by permission 
of the Director. 


Yours faithfully, 


J. A. Morris, 
R. B. TEMPLE, 


Chemical Research Laboratory, 
Teddington. 
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In instrument and electronic engineering, progress must 
often depend on the availability of a material having 
ELECTRODEPOSITED precisely the properties required. An important Johnson 
Matthey service in this field—and one that very frequently 


R M has proved the only solution to a design problem—is the 
electrodeposition of rhodium, which provides a truly unique 
combination of surface characteristics. A “ top” secret, 


Low and stable contact resistance : ; : - : : 
Great hardness and resistance to wear this, that is becoming increasingly widely known. 


Complete resistance to corrosion 
High and constant reflectivity One of the Specialised Services“of _—— 2% 


Publication 1855 *‘ Rhodium Plating and its Modern Applications” is free on request.» 


JOHNSON, MATTHEY & CO., LIMITED, HATTON GARDEN, LONDON, ey 
Telephone : HOLborn 6989. Vittoria Street, Birmingham, |. Tel: Central 8004, 75-79 Eyre Street, Sheffield, |. Tel: 29212 


E.8 
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Casting in Aluminium Alloy 
(approx. weight 208 Ibs.) 


C and L Hill LTD would welcome your enquiries for Non-Ferrous 
Sand Castings, Brass, Naval Brass, Brazing Metal, Gunmetal, 
Phosphor Bronze, Aluminium Bronze, High Tensile Manganese 
Bronze, High Conductivity Copper, “* Hilchil ” Chill Cast Phosphor 
Bronze Bars, Cored and Solid. Sand Castings in all Aluminium 
Alloys. Aluminium Gravity Die Castings. 


Hill facilities include 


Wood and Metal Pattern Shop. Fully Approved Laboratory and 
Test House with Inspection Organisation. Facilities for Radiology. 
a in Development and Quantity Production of Castings 
or Radar. 


Design your Castings for SHELL MOULDING and save Machine 
Shop costs. 








MEMBER OF THE OWEN ORGANISATION 


You can support the B.R.M. 
through the O.R.M.A. (Owen 
Racing Motor Association) 
Members £1 1. 0 per annum. 
Associate Members 5/-. Car Badge 
(full members only) £1.10.0 extra. 
Full details from: THE SECRE- 
TARY, ORMA, KENT HOUSE, 
MARKET PLACE, OXFORD 
CIRCUS, LONDON, W.1. Tele: 
Museum 8901-6 


ELECTRONIC ENGINEERING 


C6. 00LL LM 


Stringes Lane, Willenhall, S. Staffs. 
Tel : Willenhall 227 (4 lines) Grams : Hill 227 Willenhall 
Branch Works : Wednesfield Road, Willenhall. 
Both our Foundries are available for Prototype Work. 
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Insulation testing .. rapid, safe, simple! 





For rapid testing of small components at voltages up to 10 kV D.C. the 
‘ENGLISH ELECTRIC’ insulation tester is ideal. This small, light instrument works 
off any 110 or 210/250 volt A.C. power plug and is easy and safe to use for 
routine testing. For checking a batch of similar insulators, a built-in ionisation 
amplifier gives a quick audible indication of any faulty specimens. 
This photograph shows the tester being used to check the high voltage insula- 
tion of small transformers, one of the many jobs for which it is exactly suited. 


"ENGLISH ELECTRIC 


insulation testers 


. 





THE ENGLISH ELECTRIC Company LIMITED, QUEENS HouSE, KINGSWAY, LONDON, W.C.2 
. , Industrial Electronics Department *Q’ , Stafford 
RKS: STAFFORD PRESTON RUGBY : BRADFORD: LIVERPOOL : ACCRINGTON 
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VOLTAGE REGULATOR 


— a precision instrument of outstanding performance 





* Reliability 

* Exceptional accuracy 

* Not affected by frequency 
* Low distortion 
* Fast response time 


* No load to full load performance 


* Excellent finish and 
fine workmanship throughout 


Manufactured under licence by :— 


J. LANGHAM THOMPSON LTD. 








Telephone : BUShey Heath 2411 


ELECTRONIC ENGINEERING 


BUSHEY HEATH - HERTS. 


- Grams and Cables : “ Tommy Watford” 


74 


L.T.-1000-2S 


Specification 
RATING 1 KVA 
INPUT VOLTAGE 190-260 
INPUT FREQUENCY 
50 c/s+10% 

OUTPUT VOLTAGE 
220-240 (adjustable) 
REGULATION ACCURACY 
£0.1% nom. 
RECOVERY TIME 0.1 secs. 
HARMONIC DISTORTION 
3% nom. 
P.F. RANGE Unity to 0.7 

LOAD RANGE 

No load to full load 


iT /— 
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LASS! 
- qhin METALLIC sins—ON 9 


The deposition of micro-films onto glass, which is only 
one aspect of VACUUM METALLIZING, has brought a 
powerful new aid for the development of vital electronic 
devices. 

A few examples for which EDWARDS deposition units 
are being used include :— 


DIOCHROIC MIRRORS for colour television 
FRONT-SURFACE MIRRORS for television projection 
systems 

ALUMINISED CATHODE RAY TUBES for sharper image 
contrast 

CRYSTAL VIBRATOR for exact frequency control 
TRANSPARENT ELECTRICALLY CONDUCTIVE 
WINDOWS 











*‘ BLOOMED’ LENSES for + fl tion free tr 
BEAM-SPLITTERS for multiple beam interferometry 


HAVE YOU AN INTERESTING PROBLEM OR 
THEORY ON THIN FILMS? WE CAN HELP YOU! 


+e +e + 





EDWARDS LTD . . » FOR BETTER 

s VACUUM SERVICE 
MANOR ROYAL « CRAWLEY « SUSSEX BRANCHES: GLASGOW & TORONTO 
CRAWLEY 1500 (10 lines) EDCOHIVAC CRAWLEY AGENTS THROUGHOUT THE WORLD 
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This 28 page booklet— 


with sketches and data, which has been pro- 
duced by our Technical Services Dept., was 
compiled as an aid to users of the Fielden 
Proximity Meter. 


but we will gladly send a copy 
on request to any interested 
research worker. 









Many Fielden Proximity Meters are in use as versatile tools for 
laboratory and workshop investigation of mechanical, chemical and 
physical phenomena which may be resolved into changes of elec- 
trical capacitance. A few examples are : dimensional displacements, 
vibrations, strains, surface irregularities, coating thickness, dielectric 
properties of liquids and solids, moisture content, etc. 


The Fielden 
Proximity Meter 
(Type PM2) 


. 


FIELDEN ELECTRONICS LTD. WYTHENSHAWE MANCHESTER Fi. ] ] 
Telephone: WYThenshawe 3251 (4 lines). Telegrams: Humidity, Manchester. 
London Office : 21 Buckingham St., W.C.2. Telephone : TRAfalgar 3154 





INSTRUMENTATION 
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__ A/NEW-PRINGIPLE 
A-C AUTOMATIC 
VOLTAGE STABILISER 








We have now had released to us by a Government Department the 
design of our ‘A.C. Mains Regulator, Automatic, Step, Mark II’’, and 
are therefore manufacturing this unit for general sale. It ideally fills the 
need for a cheap, small and light Stabiliser. Although it measures only 
8hin. x 44in. x Sin., weighs as little as 11 lbs., and costs only £24 net, 
it has a performance fully equal to any similarly rated Automatic 
Stabiliser of the resonated, saturated core type, without any of the 
disadvantages. 

ASR-1150 has a pure output waveform, is unaffected by changes in 
mains frequency, and works equally well from no-load to full load, 
which is 1150 VA. It has a stabilised output at 230V unless otherwise 
ordered. 





We can supply from stock 
all types of American tubes, 
condensers, valves, poten- 


tiometers, etc. 





Many other Automatic Voltage Stabilisers are now manufactured by 
us, and all are available for immediate delivery. In some cases the 
constancy of output is as high as 0.15%. Models are available from 
200 VA to 30 kVA, single phase. 3-Phase Stabilisers are also available. 
Prices are extremely competitive. 





+ 4 MEMO ; If you are interested in in 
fanitely-variable Transformers, do not for- 
get the almost indispensable “VARIAC” 
(Reg’d. Trademark). Models are available 
from 170VA to 21kVA. Our Catalogue 
V-549 (3rd Edition) tells the whole story, 
and will gladly be mailed free and post 
free, on request. 


The NEW “ASR-1| 150” 
costs only £24 net 


CLAUDE LYONS LTD., 
Electrical and Radio Laboratory Apparatus etc. 


Head Office and Works: 76, OLDHALL STREET, LIVERPOOL 3, LA 
Southern Factory: VALLEY WORKS, WARE ROAD, HODDESDON, HE 
(A.10 main London/Cambridge Road, at Junction of A.602) 
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MAGNETIC RELAYS 
— The P.O. 3000 TYPE — 


remains the most popular and widely used 
relay of all 


THOROUGHLY RELIABLE AND BUILT TO 
SPECIFICATION 


Tropical or jungle finish if required 


Prototypes at short notice and reasonable 
deliveries on quantities 


Stocks also held of A/C relays, high-speed, 
sealed and open . 





je LARGE STOCKS OF KEY SWITCHES % 





ELECTRO MAGNETIC COUNTERS 
P.O. MAJOR TYPE 
Any D/C resistance 17/6 each 











AAAAAAAAAAAAAAAA 


8 JACK DAVIS re.avs) LTD. § 


§ Dept ‘E’ 36 PERCY STREET, LONDON, W.! § 


§ museum 7960 LANGHAM 4821 § 
BAAAAAAAAAUAVAAAAA— 











FREQUENCY METERS 


SIZES : 24” to 8’ 


UP TO 5000 CYCLES 
PROMPT DELIVERY 





also the new SYNCHROSCOPE 
M.C. KILOVOLTMETERS 


and full range of Switchboard Instruments. 
Ask for illustrated Catalogue ( 


‘ THE ELECTRICAL INSTRUMENT 
CO. (Hillington) LTD. 


HILLINGTON, GLASGOW Q 
London stockists, H. A. Patterson, 156 High Holborn ( | 
cee 


eee 
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CHILTON STEEL LTD 


for that 


NEW BUILDING 


for Designed Structural 
Steelwork 


CS ) for Standard Portal Frame 
” Building 






¢| S ) for Roof Steelwork to 


Requirement 


cp for SERVICE & SATISFACTION 


We solicit your Enquiry 


CHILTON STEEL LTD 


THE FOUNDRY - LONG MELFORD 


- SUFFOLK 


Phone: LONG MELFORD 273 Grams ; CHILSTEEL-LONG MELFORD 
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LUMPED CONSTANT 
DELAY NETWORKS 


CONSTRUCTION 


L/C type, with coils wound on 
sletted lowloss formers. Silver- 
mica capacitors of 2% tolerance. 


FINISH 


Resin-cast, for long-term stability and 
to withstand full tropical conditions 
(—5@° to + 110°C.) 


INSULATION RESISTANCE 
greater than 1000 megohms 
WORKING VOLTAGE 750V peak 


FIXING CENTRES 
3%” x 6B.A. clearance for standard types 


Prices on application 
Inquiries invited for special types 









Stangard Types for early delivery 




















Ino. a TvPe| D.C.Q | RISE TIME 
OF | (APPROX.)| 10%-90% 

TYPE DELAY | ZO SECTIONS | 

| 

051510 5 usec 1-5K 10T 202 | <:ISpsec 
101010 1 1K 107 Bo 1<2 4 
100520 if, 5002 207 Bn |) <8 
202010 ae 2K 107 102 | <-35 ,, 
205020 a, 5K 20T mon | <3 
402020 4 2K 207 202 | <-45 ,, 








ATKINS, ROBERTSON & WHITEFORD 
LIMITED 


100 TORRISDALE STREET, GLASGOW, S.2 
Telephone : POLLOK 2933/4 Telegrams : “‘ATROWHIT, GLASGOW”’ 








BRITISH 
INSTRUMENT 
INDUSTRIES 
EXHIBITION 


Vas EARLS 
oo 
aS i 


June 28 -July9 1955 
| \ 


















BALDWIN INSTRUMENT CO. LTD., 


4,5 and 6-dial. Ranges 0°! ohmto 
IHI,01} ohms. Accuracy + 0°1%. 
Maximum Loading 10 watts per 
dial. Non-inductive for mains and 
audio frequencies: metal-cased. 


Write for Leaflet E 113 







BALDWIN 


scientific instruments 





DARTFORD KENT TELEPHONE 2948 
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This general-purpose 

Molybdenum Disulphide lubricant 

has been proved successful in a wide 
variety of operations where all other 





forms of lubricant have failed. It 
could probably be of great value 
to you. Why not write 

for full details ? 






IBEX HOUSE, MINORIES 

LONDON, E.C.3. Tel.: ROYAL 4372, 
MINERVA WORKS, WOODLESFORD, 
Nr. LEEDS. Telephone: ROTHWELL 2164 | 





nd.h, 22211/A | 
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PROTONA G.m.b.H. - Hannover - 


W-Germany 
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The use of the Megger range of Insulation Testers for 
trouble shooting is almost universal. 

Megger Insulation Testers have been used for testing electrical 
apparatus for over fifty years and they are now equally 
widely employed in the field of electronics. 

There is an instrument in the range of Megger Insulation 
Testers for your particular need. 

Write for set of Publications No. EE.61 for specific details. 


EVERSHED & VIGNOLES LIMITED 


ACTON LANE WORKS - CHISWICK - LONDON W 4 


MEGGER 


TRADE MAR 





Telephone : Chiswick 3670 ° Telegrams : Megger Chisk London ° Cables : Megger Londen 
6/196 
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STABILITY 
+ 0.1% 


ELECTROTHERMAL 
*‘“‘PRECISTOR’’ 


These resistors are precision wire wound. They have 
a high stability and resistance tolerance as low as 
+ 0.1%. Values range from 0.1 ohms to 3 megohms. 
Any value and wattage loading made to specification. 


Please request leaflet. 


l Engineering ltd. 
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THE ENGLISH ELECTRIC CO., LTD., 
LUTON 
require 
SENIOR ENGINEERS or SCIENTISTS 
for 
THREE SPECIAL VACANCIES 
in 
GUIDED WEAPONS SYSTEMS DESIGN 
CONCERNED WITH 
ELECTRONICS & RADAR 
SERVO MECHANISMS 
BALLISTICS 


These are permanent posts of unusual interest 

and applications should be addressed to 

DEPT. C.P.S., 336/7, STRAND, W.C.2., 
quoting Ref. 1260 C. 
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an open 


Invitation 


to all manufacturers 


oO 


Photo Flash Equipment 
Deaf Aids 


Private Telephone 


Installations 
Amplifiers 


D.C. Power Units 

Spot Welding Equipment 
Test Gear 

Magnetisation Equipment 


You are invited to regard the TECHNICIANS 
at DALY as a part of your own technical staff. 
Non-standard components are invariably a source 
of worry, therefore the Electrical Industry find the 
DALY ‘“ made-to-measure ” service for individual 
requirements specially helpful and a great time-saver. 

For URGENT problems a telephone request 
will bring us post haste to your factory for consulta- 
tion without obligation—and you will find our 
readiness to help both valuable and economic. 


DALY ELECTROLYTICS for ELECTRONICS and 
COMMUNICATIONS ... MOTOR START... 
RADIO and T.V. ... are in great demand throughout 
the world ; send for appropriate pamphlet. 


DALY 


ELECTROLYTIC CAPACITORS 


CONDENSER SPECIALISTS FOR OVER 20 YEARS 


DALY (CONDENSERS) LTD., WEST LODGE WORKS, 
THE GREEN, EALING, LONDON, W.5 


Phone : EALing 3127-8-9. Cables : DALYCON, LONDON 
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CABLES and CORROSION 





*FLUON’-insulated cables made by 
British Insulated Callender’s Cables Limited 


‘E'r.w On ’* 
holds its insulating and dielectric properties 


from -80°c. to 250°c. 


It is the ONLY material that can be used on high frequency, high-temperature cables 
operating under corrosive conditions. 


Power factor < 0.000 2 
Dielectric Constant 2.0 
Dielectric Strength 1,500 to 1,800 volts/mil. on .005 in. sheet. 


Surface Arc Resistance >100 secs. (non-tracking) 
Volume Resistivity 10°—10” ohm.cm. 
Water Absorption Nil 


Chemically inert, and unattacked by acids, alkalis or solvents. Non-inflammable. 


* ‘FLUON’ is the registered trade mark for the 
polytetrafluoroethylene manufactured by I.C.I. 
Please ask for full technical data. 


—itmegel IMPERIAL CHEMICAL INDUSTRIES LTD., LONDON, S.W.1 


P.$72 
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are obtainable [ CHANNEL \ I Ss Oh i @ Pp E COUNTER 

from Isotope \ PULSE | DEVELOPMENTS LTD. a 

Developments Ltd., \ ANALYSER : ES 

as standard equipment. “STANDARD RACK EQUIPMENT =~ 

“«[.D.L.” are complete MELEE Laboratory & Works : 

/ : JE BEENHAM GRANGE, ALDERMASTON WHARF a 

in the field with a f- ne \ Nr. READING, BERKS. COMPLETE > 

full range to cover RATEMETER Telephone : Woolhampton 451 /2 RANGE OF ae 
i S London Sales Office : 

all the specific uses AUTOMATIC ] 120 MOORGATE, ‘LONDON, E.C.2 SCINTILLATORS 
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7 RELAIS 
ERIES 2400 

















A Relay of noteworthy dimensions, designed in size and per- 
a formance to suit present day electronic equipment. The new 

aid 2400 Relay is available with twin light duty or single heavy duty 

contacts. 

When fitted with a 10,000 ohm coil, the pull-in is approximately 

4 milli-amperes; contact pressure and clearance have not been 

sacrificed to achieve this sensitivity. 

DIMENSIONS: Above chassis 24” high x 1” wide x 13” deep. 

WEIGHT: 4} ounces. 


MAGNETIC DEVICES LTD 














NEWMARKET 
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DEPARTMENT 
BX PLASTICS LTD. 


A Subsidiary of the British Xylonite Co. Ltd. 


STOCKISTS OF 


BX 


POLYSTYRENE | 


A first-class rigid insulating material, supplied 
ex stock in sheets and rods in a range of 
thicknesses and diameters. | 


Information and guidance on manipulation, 
machining and cementing available on request. 


34-36 Royal College Street, London, N.W.1. 
*Phone : EUSton 6467. ’Grams: Celudol, Norwest, London 





iomamanddll 
T.A.7853 


N.G.N. Magnetic Valves 
Designed for | 
high vacuum operation 











* Each with an auxiliary switch for 
interlocking 
* Valve seats in springs are loaded to 
ensure good joints 
* For vertical or inverted working 
* Flexibility of connections, etc., etc. 





Send your enquiries to: | 
N.G.N. ELECTRICAL LIMITED 


DESIGNERS & MANUFACTURERS OF HIGH VACUUM EQUIPMENT | 











MILTOID SALES | 





TUBING 





RUBBER Standard Wall and 


Pressure 


NEOPRENE Stable to Oils and 
Solvents 


SILICONE Stable to tempera- 
tures minus 50°c to 
plus 200°c 


P.V.C. Transparent/Flexible 


P.V.C. Translucent/Elastic 


POLYTHENE Stable to most 
Chemicals 


Sizes and prices on application. 
Special sizes to your own specifi- 
cation. Above also available in 
sheet. 


GLASS Soda: Lead: Heat resis- 
tant: Precision: Proto- 
type apparatus and 
Repetition work. 


THE LABORATORY APPARATUS 
& GLASSBLOWING CO. 
77, Grosvenor Street, Manchester, |. 
Telephone: ARDWICK 6409 
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MARCONI CRYSTALS for Stability and Precision 


The experience gained in manufacturing quartz crystals to the stringent 
requirements of our own apparatus and those of the Services, enables us to offer 
a comprehensive range of crystals covering the frequency band 1.6 Kc/s to §§ mc/s. 
Years of intensive research and development work in this field guarantee 
the reliability and quality of this Marconi Product. 


Planetary Lapping Finishing to Frequency Testing—Grid Current Recording 


Lifeline of communication 


*‘ MARCONI 


Partners in progress with the ‘ENGLISH ELECTRIC’ Company Limited 


MARCONI’S WIRELESS TELEGRAPH CO. LTD., CHELMSFORD, ESSEX 
CRI 
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SOLDERLESS CONNECTIONS 
Faster and better by 


| Plessey | 


LIGHT & HEAVY DUTY 
CRIMPING EQUIPMENT 


Noother electrical tag-to-lead connection 
is SO quickly accomplished, so long 
lasting, so thoroughly reliable as that 
which is made by a Plessey crimping 
tool. These precision crimping tools 
range from a hand-operated light duty 
type, through to a heavy duty 
hydraulically-operated unit. Originally 
pioneered and developed for the aircraft 
industry to overcome the disadvantages 
of corrosion, crystallisation and other 
accelerated deterioration factors in any 
method employing heat and flux—this 
solderless crimping method achieves a 
wiring connection which is both 
mechanically and electrically 

superior for a fraction of the cost. 








RRS ern 


i 
| 





For its success, any crimping process 
relies wholly upon the accuracy of the 
equipment used. Consistent with such 
standa-ds these advanced tools are 
produced to fine engineering 

limits from the finest materials. 








Plessey publication 753/1 contains extensive details of these tools and their 


application. A copy will be sent to manufacturers free, on request. 


THE PLESSEY COMPANY LIMITED - ILFORD - ESSEX 
@B) BSA 
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A RETAINER 
SAVES TIME... 
...AND MONEY « 





% THAT’S WHY THE 
Kelvinator 
POLARSPHERE 


_ SALTER 


Beg 


| te co sara co tote vor somien | URED DOANE IRD 
| Me a hs i ay 


IF YOU WISH TO SOLVE 
YOUR FIXING PROBLEMS 
AS EASILY, JUST POST THE 
COUPON FOR DETAILS 











GEO. SALTER & CO. LTD., WEST BROMWICH 
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. a tall order perhaps, but it’s 
standard testing for the potentiometers 
made by Welwyn Laboratories for television 
receivers. Their stability of resistance is regularly checked 
while the spindle is rotated for the number of motions likely to 
occur during five years of normal service. 
The operation lasts only a few hours, carried out 
y on both carbon and wirewound 
potentiometers, this ‘‘ wiping test ’’ is used to 
confirm that the resistance material is of the required standard. 
A miracle of cgncertina’d time, indeed, and it shows the lengths to which 
Welwyn Laboratories go to maintain quality throughout 
the manufacture of their high-grade products. 









‘ Congratulations to Ferguson on making 500,000 reliable receivers’’. 


MANUFACTURERS OF 


E i W ' N Welwyn products include: 


EGCECTRICAL 
COMPONENTS 





Carbon Composition and Wirewound Potentiometers 








Toroidally Wound Power Potentiometers 
WELWYN ELECTRICAL LABORATORIES LIMITED Panclimatic High Stability Carbon Resistors 
BEDLINGTON - NORTHUMBERLAND Vitreous Enamelled Wirewound Resistors 
Insulated High Stability Carbon Resistors 
On Admiralty, Ministry of Supply (A.1.D. Approved) and Post Office Lists High Voltage Composition Resistors 
Vitricon Vitreous Enamelled Capacitors 
Metal Film Resistors 
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FELTHAM, MIDDX. 


RESEARCH AND 
DEVELOPMENT 





% Development of Electronic Components 


and their Production Methods. 


%* Electrical Ceramics. 
%& Vacuum Techniques. 
%* Metallising Processes. 
% Insulating Materials. 


Protective Finishes: Plastics. 


% Dielectrics. Semiconductors. 


Materials. 


Components & Materials. 





Magnetic 


% Electrical Magnetic and Climatic Tests etc. 
% Pilot-Scale Production of New Electrical 


BY SPECIALISTS IN THE APPLICATION OF 
CHEMICAL TECHNIQUES TO THE ELEC- 
TRONICS INDUSTRY ...... 


G.V. PLANER LTD 


. RESEARCH & DEVELOPMENT LABORATORIES 


HANWORTH TRADING ESTATE - HAMPTON ROAD WEST 
Tel: FELtham 3399 


Miildaelamimililae 


springs than 


Springs by Riley 





ROBERT RILEY Ltd., MILKSTONE SPRING WORKS, ROCHDALE 
Phone : Rochdale 2237 (5 lines) Grams: ‘ Rilospring ’ Rochdale 
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OLIVER PELL CONTROL 


The complete 
Electro-Magnetic Service 





ELECTRICAL COILS A com- 
plete range of Coils to all 
finishes including R.C.S. 214 
from our modern Coil Wind- 
ing Shops. 


TRANSFORMERS We pro- 
duce custom-built Transfor- 
mers from the smallest up to 
1000. kVA, a new departure. 





SOLENOIDS We now have 
the largest range of standard, 
built for stock, A.C. and D.C. 
Solenoids in Europe. Write 
for our new leaflet on D.C. 
Push-Pull Solenoids. 





Mercury Switch Relays 
B. & R. Mercury Switches are 
available, built for stock, at 
competitive prices, incorpo- 
rating their patented designs. 
Have you a Mercury Switch 
leaflet ? 


Permanent Magnets Any 
type of Permanent Magnet 
can be supplied with excel- 
lent deliveries and competi- 
tive prices. 








™POST THIS COUPON™ 


RELAYS The B. & R. range of 
Relays grows monthly. Their 
new factory at Harlow is 
nearly completed. Have you 
a catalogue of their latest 
Relay, the J.O.1., ““A quart 
in a pint pot’’? 





Special Small Motors 
We can now produce special 
small Motors from 1/20th up 
to 5 H.P. to customers’ re- 
quirements. This is a new 
departure. 


Industrial Heating 
Department We also have 
available a complete service 
for electrically heating indust- 
rial buildings. 














OLIVER PELL CONTROL LIMITED 
Cambridge Row, Burrage Rd., Woolwich, London, S.E.18 
Cables: Olipel Woolwich Telephone: WOOlwich 1422-6 
Please send me details of 

(state which products interest you most) 
Name ts 
Cc r 
Address. 








“The Specialists in Electro- Magnetic Mass Production” 
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““AIRMAX” PATENTED SCREW 


The selection of smaller “ Airmax ’’ patented fans shown at the R.E.C.M.F. 
Exhibition April 1955, including the ONE INCH DIAMETER high efficiency 
screw fan for 6, 12 or 24 volts D.C. operation. 


Designed by the world pioneers of high efficiency axial flow fans 


A. K. FANS LIMITED 


20 UPPER PARK ROAD - LONDON -: N.W.3 


Telephone: PRIMROSE 5969/9995 
ON ADMIRALTY LIST. A.I.D. APPROVED 
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P. 
SERIES D.4&D.6 
Two independent ” 
a by 'G d guns with complete 
freedom from inter- 


modulation 


i. 


SERIES S.6A 
Precision Single 
Gun Tubes for use 
at high writing 
speeds, 


SERIES S.4 & S.6 
Precision Single Gun 
Tubes for high 
ACCUFaCY INCASUVC- 
ments. 


GU osiruay 
elecTaonles 


LIMITED 





SERIES Q.6 

Four independent 
guns with complete 
freedom from inter- 
modulation. 
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with Ferroxcube pot cores 


High performance combined with small size and light weight. 
al requirements. 


tions of temperature variation. 


semana ‘Ticonal’ permanent magnets 
Mull rd [Mullard] Magnadur ceramic magnets 
| : LF Ferroxcube magnetic cores. 

PONENTS DIVISION - CENTG@RY HOUSE - SHAFTESBURY 


MULLARD LTD + COM 


’ c 
| | High quality electrical filter units built around Ferroxcube cores can no Ww 
ll i il These filter units have significant advantages over comparable types designed 
AAA AMARA without the use of Ferroxcube, particularly in the frequency range 300 c/s 
to 500 ke/s. For audio frequencies the use of Ferroxcube‘cores permits 
” . s. Thi ta a 
considerable reduction in the size and cost of the associated condensers and 
obtained fo 














00 


STANDARD TYPES 


The Partridge Range of Transformers is such that there is a 
type to fulfil almost every replacement need, and deliveries 
are ex stock. Each is covered by a 12 months’ guarantee. 
The range includes Power Transformers, single or multi- 
phase,-up to 100 kVA; all grades of audio frequency 


transformers ; “‘C’’ core transformers, etc. 


TRANSFORMERS FOR SPECIAL CIRCUITS 


Many of the prominent amplifier circuits, including those published 
by the G.E.C. and Mullard Technical Departments, employ Partridge 
Transformers. Two examples are the Osram 912 High Quality Gramo- 
phone Amplifier, where Partridge Transformers and chokes were used in 
the prototype, and the Mullard 510 High Quality Amplifier which employs 
a Partridge Type PPO. 





Write for the new Partridge 


Catalogue just published, and PARTRIDGE TRANSFORMERS LTD. 


for details of units for special 


circuits. TOLWORTH . SURREY. Phone: ELMbridge 6737/8 


Now especially for the ELECTRONICS INDUSTRY 


BRIGHT SILVER PLATING 


(Superseding the conventional dull silver plating) 


RHODIUM PLATING 
GOLD PLATING 


Our Laboratory-controlled Works have been extended to 
include the above processes in addition to the normal 


Electro Deposition finishes generally used in industry. 


A.l.D. and A.R.B. APPROVED 


tant METAL FINISHING CO. LTD. 


WELLCHROME WORKS, SHEPHERDESS WALK, LONDON, N | e 
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Within the normal BRIMAR i ey dustr 
range there is now available a and n 


large number of types tested 
in accordance with the UNIQUE 






























TRUSTWORTHY standard. This 
standard was, of course, primarily INDUSTRIAL Y RANGE 
established to meet Services Re- : 
quirements, in which extremes of ee Equivalent | 
resistance to shock and vibration are i V oe, fm og | nenation aie 
a vital factor. Such extremes are Cera: Sh Tek Fe a : ae 
rarely called for in normal industrial use. 6058 6ALS | Double Diode | B7G 
G/6156 6AM5 | Power Pentode . B7G 
But the fact that these valves have passed 6064 6AM6/8D3 | High Slope R.F. Pentode B7G 
such an additional rigid test offers a very G/6066 6AT6 | Double Diode Triode B7G 
en Selig G/5749 6BA6 | Vari Mu R.F. Pentode | 7G 
worthwhile ‘bonus’ in performance— G/5750 6BE6 | Heptode Mixer | B7G 
oo | . . : G/6059 6BR7 | Low Noise A.F. Pentode | BIA 
specially for use in equipment required to Gaanei sens | Meaemae Cini ni 
operate for lengthy periods without G/6132 6CH6 | Video Output Pentode B9A 
G/6100 6C4 Triode Amplifier B7G 
attendance. G/6180 6SN7GT | Low Mu Double Triode Octal 
6063 6X4 Full Wave Rectifier B7G 
; 6065 9D6 | Vari Mu R.F. Pentode B7G 
The SEESPORyeNg table shows the com- G/6060 12AT7 High Slope Double Triode BIA 
plete range of Industrial ‘‘T’’ Valves, 6067. | 12AU7 | Low Mu Double Triode B9A 
; : 6057 12AX7_ | High Mu Double Triode BOA 
all of them available with reasonable G/6is8 | 13D3 | Special Purpose Double Triode | B9A 
delivery. : itional G/6062 | 5763 V.H.F. Beam Tetrode BIA 
oe In many instances additio G/6is7 | RI7_ | Half Wave Rectifier B9A 
types can be made available for special G/6443 R18 | Half Wave Rectifier BOA 
licati G/6L6GA | 6L6GA | Output Beam Tetrode Octal 
applications. G/25L6GT 25L6GT | Output Beam Tetrode Octal 
G/6042 25SN7GT Low Mu Double Triode Octal 
G/50C5 50C5 Output Beam Tetrode B7G 
Notes : Type 6058 will be superseded eventually by 
Type 5726 (Short Bulb Version). 














Standard Telephones and Cables Limited FOOTSCRAY, SIDCUP, KENT, FOOtscray 3333 
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(A product of 
N. V. Philips 
Eindhoven) 


SCINTILLATION COUNTING 
















FIVE DECADE UNIVERSAL SCALER PW4032 


Sensitivity, o.sV pk positive or negative. 


Input Impedance, 1 m 

Resolving Power, 0.54 s for statistically 
distributed pulses. 

Max. Counting Capacity, 4 x 10'— 1 counts. 


HIGH VOLTAGE—PRE-AMPLIFIER UNIT PW4022 


HIGH VOLTAGE SECTION: 

Stabilised High Voltage, o—2,500V DC in 
steps of 20V. 

LINEAR AMPLIFIER SECTION: 
Amplification, X 250 (Stepped yee 
Bandwidth, s00 c/s to 3 MC/S (4 power 
value). 


with this new PHILIPS 


“UNITISED’ 


EQUIPMENT 


Philips ‘Unitised’ nuclear radiation monitoring equipment 
can be supplied in separate units or in any combination, 
suitable housings being available for single, double or triple 
combinations. Thus any unit can be supplemented by other 
equipment when the scope of laboratory activities is extended. 


PRE-DETERMINED COUNTER UNIT PW4052 


Provides facilities for pre-determined count 
techniques. Count numbers preselected by 
six position switch, viz, 10, 10%, 10%, 10%, 
10° with a ‘‘free’’ position to enable 
‘* Timed ’’ counts to be made. 

The times are directly recorded on a 
precision clock which is automatically 
stopped when the desired count number has 





Max. Output Voltage, 10V. 
) 


Output Impedance, 3 K OHM. been achieved. 








Further information from : 


PHILIPS ELECTRICAL LTD ELECT RO-MEDICAL. DEPT...EE 


WC2 : Tel: GERrard7777 





CENTURY HOUSE SHAFTESBURY AVENUE LONDON 


Extended range 
TOMA NANI ALONIe 








With 14 to 21 days delivery 















HE song of Rivlin Precision Wirewound Resistors has been 

extended to include miniature types. As with existing Rivlin 
Resistors they are fully heat treated and a heavy polythene coating 
renders them completely impervious to the effects of humidity and 
temperature. 


* Rivlin Resistances can be adjusted to 0.1% of the required value, 
or 0.01Q whichever is the greater. 
* a7 value in the range 0.1Q to 50,0002 can be supplied with a 
rature co-efficient of 0.002% per degree centigrade, and up to 
1M! with a temperature co-efficient of 0.02% per degree centigrade. 
Standard rating—1 watt. 


* Rivlin Wire Wound Resistances fully comply with Services speci- 
fications. 


RIVLIN 


WIREWOUND RESISTORS 






* American types reproduced. 


RIVLIN INSTRUMENTS LTD. 


7a Maitland Park Villas, London, N.W.3. Gulliver 2960. 
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About the 


analogue computor 


The electronic analogue computor makes patterns like this 





T RUNS THROUGH in a matter of hours a 
bd of solutions that would take a team 
of mathematicians weeks to work out. 

You knew that? But did you know that 
Shorts are now making a general purpose 
analogue computor which can be harnessed, 
singly or in banks, to solve a wide variety 
of engineering problems? This, the first 
- British analogue computor in production, 
-will deal with linear or non-linear systems. 
* Apart from the solution of differential 
equations, the instrument may be applied to 
the design of servo systems and to analysis 
and synthesis in connection with the behaviour 
and design of dynamic electrical, mechanical 
and thermal dynamic systems. 
The Short Analogue Computor is 
described in a brochure which you will 
certainly find interesting and probably find 
profitable. A word to the address below and 
a copy will be sent to you. 


In one day at the console, an 

operator can set up problems 

and get answers that would take weeks 
of expensive study by normal means. 





Here’s the Short answer 


Short Brothers and Harland Ltd., Computor Sales Department, 208a Regent Street, London, W.1. Recent 8716 
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METAL FOR 


THESE TWO PHOTOGRAPHS ILLUS- 
TRATE SIMILAR PRESSINGS MADE 
UNDER IDENTICAL CONDITIONS. THAT 
ON THE LEFT SHOWS THE PERFECT 
RESULTS OBTAINED WITH NARITE DIES, 
COMPARED WITH 
THE WASTER PRO- 
DUCED BY ORDIN- 
ARY STEEL DIES. 


PRESS . 
TOOLS 
AND 
DRAWING 
DIES 










LESS 
WEAR 
LESS WASTERS 
MORE 
PRODUCTION 





Un-retouched Photographs by Courtesy of a NARITE User 


NARITE eliminates ‘scuffing,’ el 34 3 
‘galling,’ or ‘wrinkling’ in PROFIT 
pressing. NARITE gives * 


lower die costs, more press 
production hours, more profit. 
NARITE service is yours for 
the asking. 





Write now to: ji ais Shee, Siu 


ST. ANDREW'S RD. HUDDERSFIELD. 
N C ASHTON LIMITED 


CW 2431/12 Telephone: HUDDERSFIELD 6263/4. 








r 











To all 


Instrument Engineers 
AVOID COSTLY 


FABRICATIONS 
with these high class 
INSTRUMENT 
CABINETS! 


C 

















a 





A unique range of extremely robust cabinets, designed 
by instrument engineers to give first-class appearance 
for a very modest outlay. Cast aluminium frames ensure 
that equipment is held rigidly and afford a maximum 
of protection against damage in transit. Any quantity 
supplied, carriage free in the United Kingdom. 


BOULTON 


PAUL 


INSTRUMENT MANUFACTURERS, please note that 
we shall be pleased to quote for quantities to non-standard 
dimensions to suit your instruments. 

Write today (mentioning this journal) for leaflet giving 
standard dimensions and details of this range of 
outstanding cabinets. 


ELECTRONICS 


Boulton Paul Aircraft Limited, Wolverhampton 
Telephone : Fordhouses 3191 (Ext. 99) 
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ELECTRONICS 


Electronic Chassis manufacture, and 
wiring for Industrial equipment, Test 
gear or sub-assemblies. 


HIGH GAIN FREQUENCY 
SELECTIVE AMPLIFIERS 


SER BEES SEE EERE EERE eee 


: VACUUM VARNISH IMPREGNATION | 


Vacuum Varnish Impregnation to 
R.C.S. 214. Autoclave diameter 15” 


TRANSFORMERS. 


For power distribution and Electronic application. 
Ranges from small Electronic types, up to 50 kVA, 





for thermocouple or other applications. 


orthodox and C cores. I-Phase and 3-Phase Oil @ Voltage gain 5 x 10’ maximum. 
and Air Cooled Phase conversion, etc. Special © Plug-in filter units enable carrier 
types for Furnace and Rectifier Control. frequency in the range 5c/s to 2kc/s 

A.LD. AND A.R.B. APPROVED | to be chosen to suit a range of 


applications. Band-width approxi- 
acaba dtinitianss onc mately 7% of carrier frequency. 


“AVIS&BAGGSin.] gare 2 stroup LTD. 


GOSBROOK ROAD, CAVERSHAM, READING ANNIESLAND, GLASGOW, W3 
Phone : READING 71763 1S Victoria Street, London, S.W.|I. 















GATE: 


(REGD. TRADE MARK) 


PRECISION HI-FIDELITY 
MAGNETIC SOUND HEADS for your 


HALF TRACK HEADS AVAILABLE : PRESSING 














Model 5RP Record/Play Head................s0eeeeeeeee m8 $ 0 PROBLEMS 
Model 6RP Super Fidelity Record/Play Heads ... £3 15 0 — 
Model 5R Record Head 

(Used in conjunction with 6RP head) ............ £3 5 0 
PIOGI es SMR SUI oo ccsbesescessydceesnsabacsacctens 43 5 0 
Commercial “‘ friction ’’ type mounting stems...... 4/- extra 


Standard Heads—High Impedance, Low Impedance 
Heads and Special Heads made to order. 


SCREENING CANS : 


PN PRN icdhcc cee aor once ecccn bse vuccenivspnserpeioresnie 8/6 each. 

Composite (Steel/Mumetal) ................cseeeeeeees 4/6 each. 

We specialise—that is why deck manufacturers standardise 
our heads. 








Model 5 range of desks to take 7in., 9Zin. or IO4in. Reels. 
Push-button control-three heads-two speeds-three motors. 


Write for details. Trade supplied. 
ASSOCIATED STEELS 


BRADMATIC LIMITED =— anp TooLs Co. ur. 


Station Road, Aston, Birmingham 6 | Wolverhampton 23818 Sedgley Street Works 
Telephone: East 2881-2. Telegrams: Bradmatic, Birmingham. | Grams: ‘‘Astco, W’ton” Wolverhampton & Sheffield. 
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Why every electrical laboratory 


should use <> 750 VA 


VOLTAGE REGULATORS 


TYPE P88 
Because they are 


SAFE— no exposed wind- 
ings. 


FUSED—no more burnt 
out windings. 


CONVENIENT—small_ in 
size, neat in de- 
sign and easily 
incorporated in 


existing  equip- 
ment. 
PRECISE — provide very 


fine control of 
output voltage. 


INE XPENSIVE—although 
rated at 750VA 
they only cost £10. 


This regulator, together with the 5 kVA Automatic Voltage Regulator Type 
P857 and 750 VA Automatic Voltage Regulator Type P881, will be exhibited 
on our Stand No. 9F at the British Instrument Industries Exhibition, 
28th June to 9th July. 


Write now for full details. 


AIRMEC LIMITED 


HIGH WYCOMBE, BUCKINGHAMSHIRE 


Cables : Airmec, High Wycombe 
Tel. : High Wycombe 2060 
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ALWAYS “FIT” 


(Oya 











SUSPENSION DRAWER SLIDES, SUN and PLANET FRICTION ELIMINATORS and SHEAVES. 





—— . = = : oe ee 


Type A Slides as above supplied in 153”, 178”, 21”, 233”, 254” and 27}” lengths. Heavy type A Slides supplied in lengths 
23”, 284”, 32” and 37”. Type A series case strips may be drilled and countersunk or provided with ears or lugs. 





Two arm Type B Slides supplied in 23%” lengths down to 9” lengths. 13 gauge Heavy Type B Slides in lengths up to 30”. 


We also supply heavy duty castors up to 30 tons capacity each, 
including twin pneumatic wheeled types up to 46” diameter. 


OVER 7,000 TYPES AVAILABLE 
Ask for Brochure. 


Engineers, Patentees and Sole Manufacturers 


AUTOSET (PRODUCTION) LTD., DEPT. O, Stour St., Birmingham, 18. 
Phone : EDG 1143 (3 lines). Est. over 35 years. 
Please mention ‘‘ Electronic Engineering.” AT 3 





THERE ARE 


Balance point for self-aligning brush 


Glazed porcelain brush arm insulator 


WAYS OF LOOKING AT... 











Silver graphite brush contact I 9 Winding embedded in vitreous enamel 





10 Vitreous enamel bond between former 
and base 


All ceramic construction withstands 


Pig tail shunting brush arm i 5000v. flash test 


: : §2 Non-grooving return contact plate 
Nickel silver brush arm 8 g P’ 


Stainless steel spindle available in 
| entree 
wide range of lengths 


Electro tinned mounting bush, nut and 


14 spindle bearing 


Winding welded to terminal band 
is Panel locating washer to prevent rota- 


End contact band and terminal tion of assembly 





ocmcUN.h—UCOUlUMMMDUC DUC UN 


16 Stop on shaft engages pressing in base 


Brush terminal moulding groove. 





All units arranged for panel mounting—pro- 
tected type units available for either back 


or front of board nw unting—two or more 
BERCO TOROIDAL RHEOSTATS } °:2:62e" 
eee networks and where space is limited. For full 


technical details and prices, ask for List 613A. 





THE BRITISH ELECTRIC RESISTANCE CO. LTD 
QUEENSWAY, PONDERS END, MIDDLESEX 

Telephone : Howard 1492 Telegrams: Vitrohm, Enfield 

Pioneers of the toroidally wound power rheostat in England 





BR1211-BXH 
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ALL-POWER 


REGULATED POWER SUPPLIES 





v:thanrenmenanytaniengeommanteneasenetonieseas Pe 


SERIES 500 


An entirely new range of units, designed 
for the highest possible performance 
and overall efficiency. 

Now in large scale production and 
available for prompt delivery. 





Model 501 
(fitted with end frames) 


ABRIDGED DATA 


(Further information on request) 



























































Data Model 501 Model 502 Model 503 Model 504 Model 505 
Output 200-500V 200-500V 0-500V 0-500V 0-500V 
250mA 250mA 250mA 250mA 150mA 
oS. Number of Ranges 2 2 4 4 | 
7 
za Voltage Stabilization +0.02% +0.002% +0.1% +0.002% +0.1% 
= | Effective Output Resistance 0.2.0 0.02 2 0.50 0.02 2 0.5.2 
(max.) 
Output Ripple (rms. max.) 2mV ImV 3mV ImV 3mV 
Outputs — a 250V 25mA 250V 25mA 250V 25mA 
> 0—250V ImA | 0—250V ImA | 0—250V ImA 
a 
ov 
SE | — Voltage Stabilization ~ oe 40.05% +0.002% 40.05% 
2 
+5 Output Resistance (max.) —— — 1Q 0.01 2 1Q 
Output Ripple (rms. max.) — oo 2mV ImV 2mV 
Unstabilized + VE 470V 470V 320V 320V 
H.T. Supply 250mA max. 630V 630V 470V 470V 630V 
630V 630V 
Unstabilized A.C. Supply 6.3V 10A 6.3V I0A 6.3V 10A 6.3V 10A 6.3V 10A 
Price £70 £91 £81 £99 £75 














STANDARD UNITS. All models are supplied as standard for mounting in 19 in. racks and are fitted 
with fully protective covers. 


EXTRAS. To convert from rack mounting to bench use the following extras are available :— 
£1 15 Oper pair 
i ee 


PRICES. Prices are quoted net ex works and are subject to variation without notice. 


ALL-POWER TRANSFORMERS LTD. ‘ CHERTSEY ROAD, BYFLEET, SURREY. 
Tel.: BYFLEET 3224/5 


Polished hard-wood reinforced end frames 


Steel instrument case of new design 
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Nowhere else will you 
find an exhibition specialising in 
instruments and instrumentation, 


of the size and scope of 
THE BRITISH INSTRUMENT INDUSTRIES EXHIBITION 


Every field of instrumentation in Power Supply, Industry, Medicine, 
Research and Education is covered. You will be able to see all 
classes of temperature pressure and flow controllers for industrial 
use, electrical measurement and control, complete equipment for sea 
and air navigation and land surveying, scientific instruments and 
equipment for all laboratories, electronic instruments for all applica- 
tions and precision equipment in such diverse fields as metrology. 
photography and engineering design. 

The full scope of the products of the British Instrument Industry 
will be revealed at this exhibition—conveniently displayed all on one 
floor! Evidence has shown that production can be considerably 
increased and quality greatly improved by the use of appropriate 
instrumentation and control. Industrialists will find a visit to the 
exhibition extremely rewarding. 


F. WwW. BRIDGES & SONS LTD., Grand Buildings, Trafalgar Sq., London, W.C.2 


Phone: WHITEHALL 0568 Telegrams & Cables: SEGDIRB, RAND, LONDON. 






Make your reservations now 


During the last few days of this exhibition, 1PEx 
—the 10th International Printing Machinery and 
Allied Trades’ Exhibition will be opening at nearby 
OLYMPIA. Hotel accommodation will be in great 
demand. Book yours now. If you require any 
assistance, or an official catalogue of the British 
Instrument Industries Exhibition when published, 
write to the Organisers. 








Signal Generators 


Type SDR 300-1,000 mc/s. Type SCR 1,000-1,900 mce/s. 


ALREADY widely used on the con- 


85/11 


for 300-2400 mc/s 


Type SBR 1,600-2,400 mc/s. 





tinent and in U.S.A., these generators 
provide a useful power (30-70 mW) 
with high stability. 


VOLTAGE RANGE . 1pV-4 V (emf) 
OUTPUT IMPEDANCE .. 50 ohms 
MODULATION (INTERNAL) 

1,000 c/s square wave 


ELECTRONICALLY STABILISED 
power supplies 


A separate post attenuator modulator, 
Type MAD BN 4191 is available for 
modulation from DC to 20 mc/s band- 
width in the range 300-1,300 mc¢/s. 
THREE MORE GENERATORS AYRON ROAD 
from a range of 24 
covering 2 c/s to 5,000 mc/s 
ON SHORT DELIVERY 


Telephone : South Ockendon 3292. 


Telegrams : AERSALE South Ockendon, Romford, Essex. 





AVELEY ELECTRIC.in. 


AVELEY INDUSTRIAL ESTATE 
SOUTH OCKENDON, ESSEX 
U.K. Concessionaires for Rohde & Schwarz, 


Munich 


“VELEY ESS 
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anew X' D.M™M.S 


The T.D.M.S. 5 & 6 are portable sets 
designed to measure distortion at any point in 
a radio teleprinter or line telegraph 

circuit without interfering with 
7 normal transmission. 
The equipment consists of two units 
each 164” x 104” 12” both mains 
driven and electronically controlled ; 


either may be used independently 





for certain tests or both may be 


used in combination to 
7.D.M.S. 5 


Sends an automatic test message 


cover a comprehensive range of 


testing operations. 


or characters or reversals at any 
desired speed and/or percentage 
of distortion. The CRO has a 
circular time base for distortion 
measurements or relay adjust- 


ment. 


T.D.M.S. 6 


For distortion measurements on 
working circuits without inter- 
rupting service. Each element of 
a start-stop signal appears separ- 





ately on the spiral time base 


display. Adjustable speeds from 
20-160 bauds. 


r) 
eecoeoeveeve7e7e?eeeeeeeeee ee © © © 8 Oe 
You are invited to apply for a ° 
copy of a descriptive leaflet which describes the equipment in detail e 


Automatic Telephone & Electric Co. Ltd. 


Radio and Transmission Division, Strowger House, 
Arundel Street, London, W.C.2. Telephone: TEMple Bar 9262. Cablegrams : Strowgerex London, Neen, wat 
TRADE 
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bb vayheat 
SPRINGS 
nul 


Production manufacturers 
of torsion, tension and 
compression springs of ali 
types, pressings, clips, I.F: 
cans, valve screening cans, 
valve shrouds,-and sole 
manufacturers of the most 
advanced shock absorp- 
tion device—‘‘METPAKS”* 
Shock Absorbers. 


Leading manufacturers rely on:— 


BRAYHEAD 
SPRINGS LTD. 


FULL VIEW WORKS | 
.KENNEL RIDE + ASCOT - BERKS. 
Telephone: Winkfield Row 427 - Telegrams: Brayhead Ascot 

















GUIDED WEAPONS — 
DRAUGHTSMEN (Mechanical & Radio) 


The Bristol Aeroplane Company Limited is 
expanding its design activities in its London Design 
Office still further. 


Guided Weapons Design Teams are to be recruited. 
The following staff are urgently required :— 


1. Design. Senior and Intermediate Draughtsmen 
for work on Ground Equipment in connection 
with Guided Weapons Development. — Ex- 
perience of the design of Ordnance Equipment 
is desirable, but mechanical engineering know- 
ledge is essential. 

(a) Senior and Intermediate Draughtsmen for 
design and layout of Rack Mounting Laboratory 
Equipment, Electronic and Electrical Instru- 
ments. Previous experience in the Radio 
Industry is desirable. 

(6) Senior and Intermediate Draughtsmen for 
design of Wiring layouts. Knowledge of 
components used in the Radio Industry is 
essential. 


The London Design Office is located in Haymarket, 
London, S.W.1, a convenient centre for travel. The 
salaries offered are appropriate to experience and 
qualifications. A luncheon voucher scheme has been 
introduced. 

Applications, giving details of experience, qualifica- 
tions, and present salary, quoting L.D.O.5 should be 

addressed to the Personnel Manager, 


The Bristol Aeroplane Company Limited, 
Aircraft Division, Filton House, Bristol. 


Nv 














SOLDERING EQUIPMENT 






*%” Dia. 
Reg. Design DETACHABLE 
PROTECTIVE BIT 
SHIELD INSTRUMENT 
List 68 List 64 


As illustrated 


| 
1 











“Adcola”’ “Long Life’”’ Bits are available 
Catalogue A77/I 








HEAD OFFICE, SALES AND SERVICE 


ADCOLA PRODUCTS LTD 


GAUDEN RD., CLAPHAM HIGH ST., LONDON, S.W.4 


Phone : .MACaulay 4272 
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Midget 
Blowers 


Axial or Centrifugal?—the two types 
of midget blower are complementary 
and the choice lies with the designer 
of the associated apparatus. We are 
in a unique position to give you 
unbiassed advice and to satisfy your 





requirements for either type, as we 
are the only manufacturers offering 
a complete range of both axial and 
centrifugal blowers for the electronics 
and allied industries, with fan 
diameters from 1}” to 8’. 


All our midget blowers comply with A.I.D., A.R.B., 
C.1.E.M.E. or Admiralty specifications, and we have 
supplied over 25,000 of them for air-cooling electronic 
equipment. You may therefore consult us with confidence. 


Why not write TODAY for details ? 








=, 
® 


Oar 











JUNE 1955 


Air Control Installations 


Ruislip : Middlesex: Ruislip 4066 (8 lines) 


Birmingham: Midland 1165 & 1367 
Manchester: Central 0679 & 0670 


Ltd. 


Newcastle: Whitley Bay 23046 
Glasgow: Central 2923 
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POWER for 
KLYSTRONS 























CC Co 

















Designed specifically for operation of equipments utilising 
Klystrons. 
Voltage supplies referred to cathode :— 


Resonator: 250/350 v. + ; 30 mA. 
05%, Regulation ; 
Ripple content 10 mV. max. 
Reflector: 0/250 v.—; 1 mA. 


.05% Regulation ; 

Ripple content 1 mV. max. 
Heater: 6.3 v, at 1A 
Metered monitor facilities for + & — outputs and cathode 
current. Sine and sawtooth modulation for reflector ; 
provision for oscilloscope sweep with variable phasing. 


APPLIED ELECTRONICS 


3a Chestnut Grove, New Malden, Surrey | 


Telephone : MALden 3150 





DESIGN AND DEVELOPMENT 
ENGINEERS 


are invited to apply to the British Tabulating Machine 
Co., Ltd., Letchworth, Herts, for interesting positions 
on electro-mechanical design and development in the 
Technical Division of the Company, who are manu- 
facturers of ‘‘HOLLERITH” high speed electro- 
mechanical and electronic punched card accounting 
and statistical machinery. 


Qualifications required include a University Degree, 
Higher National Certificate or equivalent. Previous 
shop and design experience preferred. 


These are permanent positions in an expanding 
organisation which today employs over 5,000 people. 
Salary will be commensurate with experience and 
qualifications. Pension Fund and Sick Pay facilities. 
Travel expenses for interview will be paid. 


Write in first instance to Personnel Super- 
‘intendent, quoting reference EE/628. 














ELECTRONIC ENGINEERS 





The British Tabulating Machine Co., Ltd., Letch- 

worth, Herts, manufacturers of ‘“‘ HOLLERITH” 

high speed punched card accounting and statistical 

machinery, offer excellent prospects to men wishing 

to find employment on the application of Electronics 
to 


CALCULATING and COMPUTING MACHINES. 


This is an expanding and progressive organisation, 
employing over 5,000 personnel under congenial 
working conditions. 


Qualifications required include a University Degree 
in Electrical Engineering, Physics or Mathematics, 
Higher National Certificate or equivalent. 


Salaries will be commensurate with experience 
and qualifications. Housing assistance may be given. 
Pension Fund. 


Write, giving personal history, to Personnel 
Superintendent, quoting reference EE/19. 
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TWIN NEON 
INDICATOR 
LID 


ives visual 
Fi nal of 


This is fitted with two bayonet cap neon lamps with 
their associated resistor network, and is intended to carry 
a pair of 1} in. x } in. fuses of the standard glass or 
H.R.C. types. 

The lamps are designed to go out on a fuse failure; it 
has been said that it would be more convenient if the 
lamps were to light, but engineers designing critical and 
important equipment will not countenance such an arrange- 
ment where there would be no indication in the event of a 
lamp failure, whereas now the worst that can happen is 
for an apparent “ fuse failure’ signal when no such 
failure has occurred. 

The lid is designed to be a direct replacement for the 


ment. 











Cure tora headache 
Extracts valves, straightens pins 


This ingenious ‘“ Belling-Lee” device does 
away with two little trouble-spots in servicing equip- 
First of all, it enables valves to be extracted 
swiftly and surely from amongst the most tightly- 
packed components. 
will handle B7G, B8A and BoA valves. 

Secondly, a pin straightener for B7G and BoA 
valves is incorporated in the handle. 
rately moulded in a hard phenolic material, and will 
prevent valves or sockets being damaged through 
trying to force insertion with bent pins. 

Simple — but very effective ! 


BELLING ¢ LEE LTD 


GREAT CAMBRIDGE ROAD, ENFIELD, MIDDX., ENGLAND 





lid of our standard twin safety fuseholder, thus providing 
neon indication without any modification to existing circuit 
wiring. A replacement safety clip ensures non-reversibility. 

Complete boxes with »r without back connections can 
also be supplied if desired under List Nos. L.730 or L.731. 

The unit is suitable for Relay Control equipment or 
any similar gear having a number of fused mains or 
H.T. circuits, and saves the cost of separate indicator 
lamps with their attendant wiring and additional space 
requirements. 

The neons will glow satisfactorily over a voitage range 
of 180/250 V. a.c. (r.m.s.) and 220/250 V. d.c. 

L.732 PRICE 16/3 


— with ease / 


List No. L758—Com- 
bined valve extractor 
and pin straightener. 


Price 2/6 
It is moulded in rubber, and 


This is accu- 
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“BARRYMOUNT” Cup-type Isolators are designed primarily to 
absorb high-impact shocks with concurrent isolation of frequencies 
above 40 c.p.s. and general sound isolation. Utilisation of rubber in 
compression with substantially equal stiffness in all directions 
provides a smooth load-deflection curve. 

Load ratings indicated for Mobile Applications (including shipboard 
installations) are such as to ensure a vertical natural frequency between 
25 and 35 c.p.s. The design and assembly of the metal parts are such 
that they are self-captivating for maximum security. 





Samples are available immediately ex stock. 


MOUNT 






There are also air-damped types 


available for the protection of 
airborne equipment. R A R RY 
“*Barrymount”’ Isolators are made 


in England under licence from Barry 
Controls Incorporated of U.S.A. 





CEMENTATION (MUFFELITE) LTD., 39 VICTORIA STREET, LONDON, 


NON-FERROUS 
METALS 


COLD ROLLED SHEET & STRIP 
RODS & BARS 
WIRE AND DRAWN STRIP 
TUBES 

Q CHILL CAST BARS 


PHOSPHOR BRONZE, GUNMETAL 
BRASS & COPPER 
TO SEE GILDING METAL, ETC. 


CHARLES GLIFFORD 


ABOUT CHARLES CLIFFORD 
LIMITED 

Dog Pool Mills, Birmingham 3@ 

“am Fazeley St. in, Birmingham 5 


SPECIALISTS IN THE PRODUCTION OF WROUGHT HIGH TENSILE ALLOYS Mew.109 
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Multi-channel tuning! 









“TELETUNER” 


(WRADE MARK) 


Type 1V.12 








Instant, single-knob selection ! 


Select a frequency in the 50-220 Mc/s range—select any one of 
twelve in fact—and this new Cyldon Multi-channel “ Teletuner ”’ 
will handle it. This compact two valve unit performs the 
functions of R.F. amplifier and frequency changer in a television 
receiver. Write for Folder TV 1953. 


FOUR POPULAR ‘CYLDON’ TRIMMERS 





No. 26. Mica Compression No. 25. Mica Compression No. 19. Mica Compression No. 30. Ceramic Trimmer 
Trimmer. Trimmer. Trimmer. 


* Full details and specifications available on application 









NAD) NIA AEE shad Oe Contractors to Ministry of Supply, a) 


&® SONS. LTD Office, and other‘ HM Government Depts 





POOLE - OORSET 
* Please note new address for enquiries and sales correspondence :- 


LONDON SALES & TECHNICAL LIAISON OFFICE, 
3 PALACE MANSIONS, PALACE GARDENS, ENFIELD, MIDDX. 


Telephone : Enfield 2071-2. Telegrams : ‘Capacity, Enfield.” 
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Where will it turn up next? 


The Flamemaster torch turns up in the 

most unlikely places and among a surprising 

number of trades. Our books show that 

glass blowers, laboratory technicians, jewellers, 
dental mechanics and all kinds of metal workers were 
among the first to welcome this precision heating 
tool, and that recently we’ve had orders from model engineers, 
electrical engineers, lead-burners and garage mechanics. 


Why do they all find the Flamemaster so handy ? 


Because: Installation is extremely simple. 
Flame control is easy and reliable. 
Waste is eliminated by our trigger grip economiser. 
Leaks are impossible. 


FLAMEMASTER MARK II 





If you'd like to deal with your heating problem 
in the up-to-date way, write for full details to:— 


STONE-CHANCE LIMITED, bert. F12, LiGHTHOUSE works, 
SMETHWICK 40, BIRMINGHAM. TELEPHONE : BROADWELL 2651. 
LONDON OFFICE : 28 ST. JAMES’S SQUARE, S.W.1. TEL : WHITEHALL 6002 







POLISHING BOBS 


Coopers are the original makers of the Felt Polishing 
Bob as used today, and today Coopers offer a wide 
range of bobs which includes the ideal wheel for every 
class of work, in six grades from soft to rock hard, 
and in four qualities. Send today for details of the 
entire bob and mop range. 


COOPERS FELT 


COOPER & CO. (B’HAM) LTD., BIRYIN‘MAJW.R, BRECONSHIRE. 
Telephone: BRYNMAWR 312 





in Finishing 


POLISHING MOPS 


Coopers Calico Mops can be supplied in any 
diameter and thickness, loose or stitched, and 
suitable for tapered or parallel spindles. There 
is a good economy range of section mops, too. 
Each quality can be supplied in grades to suit 
the class of work. 
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.. a basic 
necessity ! 


. « for high precision electronic 
and electro-mechanical instruments 







In this age of rapid technical advance, the prized rarities of this 
year are the accepted basic necessities of the next. The crystal 

in yesterday’s wireless receiver is no more outmoded by the 
thermionic valve of today than the valves might well be by 
tomorrow’s germanium transistors. Time was when the instrument 
designer was faced with the limited choice of mounting miniature 
spindles on plain bushings or jewel bearings and with the attendant 
problems of lubricating bushes and avoiding overload on jewels. 

Then, with the advent of the miniature ball bearing, came the 

solution to a score of problems. although such refinements had still 

to be used with the caution imposed by cost and availability. Today, 
the results of their regular use are manifest in new standards of 
reliability, greatly extended scope in instrument design and the 

many new techniques rendered possible. 

But notwithstanding the speed and regularity with which revolutionary 
ideas are developed from novel innovation to basic necessity, today’s 
discoveries are seldom the effortless fruition of yesterday’s thought. 
‘*B.M.B.”’ miniature ball bearings, for instance, emerge, owing their high 
standards of precision and performance to many years of patient research 

and exhaustive testing, and with them an intimate knowledge of application 
and selection of bearings for specific duties. 

The ‘* B.M.B.”’ technical advisory service places this knowledge at the disposal 
of instrument designers who are invited to consult, at design stage, experts 
well versed in the performance characteristics of miniature bearings, who will 
be happy to co-operate towards the solution of your own bearing problems. 


Boies} 


BRITISH MANUFACTURED BEARINGS 








THE BRITISH PIONEERS OF 


MINIATURE BALL BEARINGS 


TO ‘LIGHT WAVE’ PRECISION 














BRITISH MANUFACTURED BEARINGS Co., Ltd., CRAWLEY, SUSSEX 
Sole Selling Agents : B.M.B. (SALES) LTD., ‘BOSCOBEL ”’, HIGH ST., CRAWLEY, SUSSEX 
Phone: CRAWLEY 1030 (6 lines) Grams : BRIMAN, CRAWLEY 
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Quantity production 4 small automatically made pieces in 
poe res and — materials for electric cooking 





GEO. BRAY & CO. LTD., Leicester Place, Leeds 2. 


Tel. : 20981/9. Grams. : “Bray, Leeds” 





| 














BELCLERE 


MINIATURE 


Input, Output and 
interstage 


TRANSFORMERS 


We specialise in the f e of ling transformers to 
s’ requir An illustrated brochure describing 
the range of transformers we manufacture will gladly be sent on 
request. lilustrated above is a standard input transformer 
type “E’’ size |” x 3” x 3” overall, available with varnish dip 
finish, enengeuiene’ biock form, or in mu-metal screening can. 


Quick delivery— low prices—maximum efficiency. 


JOHN BELL & CROYDEN, !!7 HIGH STREET, OXFORD 
Telephone : 47072 @ Cables : Belclere, Oxford 

















REQUIRED 
GROUND FLOOR 


FACTORY 


FOR LIGHT ENGINEERING 


ANYWHERE IN NORTH-WEST LONDON 
20,000 SQUARE FEET UPWARDS 
FREEHOLD PREFERRED 


CHAMBERLAIN & WILLOWS 


23, MOORGATE, LONDON, E.C.2 
METropolitan 8001/8 

















PLASTIC M 


axAmorcoe 





10-250 tons. 1-12 ozs. 
MODERN TOOL ROOM 


ELCO PLASTICS LTD.nen Wycombe. Bucks 


-—— ELECTRONICS 
APPLIED TO INDUSTRY 


The many new applications of electronics makes it vitally 
necessary for all in Industry to have a sound working 
knowledge of this subject. We offer a new Self study 
course intended to teach the main principles of electronics 
and its chief industrial applications. Experimental work 
can, if desired, be carried out using equipment supplied 
with the course. 





Send for Free Brochure to: 


E.M.1. INSTITUTES, Dept. E.11, London, W.4 
An educational organisation serving the E.M.1. Group of Companies 
which include ‘‘ HIS MASTER’S VOICE ’’, MARCONIPHONE, ETC. 
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DESIGNED for ACCURACY 


PECIALISTS in the manufacture of 

Variable Wirewound Resistors 

for over 20 years, Colvern Ltd., 
are BRITAIN’S largest manufacturers of 
these components. 


Our fully comprehensive range includes :- 


K Sealed Wirewound Potentiometers and Variable 
Resistors Fully Type Approved to Inter-service Specifica- 


tions RCS/121 and RCL/I21 


x Standard Wirewound Potentiometers from | to 15 watts 
rating, including multi-ganged types and semi-preset 


Controls for Television Receivers 


Ke High Accuracy Precision Potentiometers including 
sine/cosine types. These Potentiometers, the most 


accurate made in the world to-day are 





incorporated in most modern Radar, 


Navigation and Computing Equipment 


= Ten Turn Helical Potentiometers. 


COLVERN LIMITED 


Mawneys Road -: Romford : Essex. 
Telephone No.’s : Romford 8881/2/3 
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DONOVAN 
ACCESSORIES 
for the 
ah teag ite), ile 


APPARATUS 
MANUFACTURER 









A.C.JPOWER 
RELAY 
2 to 8-Pole N.O. or N.C, 
contacts 













TYPE J.96 
TERMINAL BLOCKS 





Type C.30 PUSH BUTTON UNIT 
arranged for mounting on 


customers’ own cover plate. Made in 15, 
N.O./N.C. contacts. 30 and 60 
4 Colours. amp. sizes. 





THE DONOVAN ELECTRICAL CO. LTD. 
Safuse Works exraiivelae 


Birmingham, 33 











E.M.I. a DEVELOPMENT LTD. 


is the active and steadily exp t Company of the 
E.M.I. group, makers of H.M. ve C Ee and Emitron products. 
The company has a limited number of highly attractive vacancies 
at its laboratories at Hayes and Feltham (Middlesex), and at Wells 
(Somerset). 











VACANCIES 


Senior Engineers and Physicists, qualified and with experience, 
are needed for teams engaged on a variety of problems of 
electronics development. 

Engineers and Physicists, also qualified and preferably with some i 
experience, but this is not essential, to back up our senior men. 

® Senior Designers and Draughtsmen, the former to design the x 
mechanical equipment associated with the company’s work, the 
latter to work either on the circuit or mechanical side. 


Technical Writers, with sound engineering background and, 
preferably, knowledge of Radar and TV techniques, who must 
be able to write clear, concise, factual descriptions of intricate 
electronic-mechanical proto-type equipment. 


Technical Assistants, with O.N.C. and some experience either in 
industry or with the services. 


School Leavers, with G.C.E. ordinary or advanced level to join 
our trainee courses run in conjunction with E.M.I. Institutes. 


All posts are pensionable. Salaries are commensurate with ability, 
experience and the responsibility to be undertaken. Prospects in 
the company are excellent. 
Please reply in thesfirst instance, with full details of experience, to 
Personnel Dept. (ED/EE) 
E.M.I. Engineering Development Ltd., 
Hayes, Middlesex. 
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TUNGSTEN 
ancl 
MOLYBDENUM 


PRODUCTS 







a dedcb sd 
LEAD IN WIRES 

MOLYBDENUM TUBES, CUPS & 
OTHER SPECIAL COMPONENTS 


As one of the largest 
specialists in the design 
and manufacture of 
small electric motors, 
we have the resources 
which usually enable us 
to provide the best solu- * 
tion to any problem in 
this field. it will pay to 
consult us first! 


illus. : Type 335C40 Geared 
Motor, with A.C. & D.C, 
interchangeable frames. 
1-20 F.p.m. Torque : 

20-10 Ibs. ins. 


The very wide range of “FRACMO” Metors include: 


UNIVERSAL 1/250 toi h.p. @ SINGLE, SPLIT PHASE 1/100 to 
th.p. & CAPACITOR 1/80 to 1/6 h.p. @ 3-PHASE 1/20 to 1/3 h.p. 
SYNCHRONOUS 1/100 to 1/I6h.p. @ SHADED POLE 1/160 h.p. 
at 1300 r.p.m. @ GEARED UNITS 0.25 to 600 r.p.m. Torque up to 
800 Ibs. ins. 


FRACTIONAL H.P. MOTORS LIMITED 
Rookery Way, Hendon, N.W.9 Tel: Colindale 8022/3/4 


Our Birmingham address is : 


6 Lansdowne Road, Erdington, Birmingham 24. Tel. Erdington 0460 
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plant at 
the works of : 


FERGUSON RADIO 


CORPORATION LTD. 








Illustrated is a Canning Fully Automatic Plant 
for Cadmium plating radio components. 
Equipment for the deposition of various metals 
has been supplied to leading establishments 

in the radio, electrical and telecommunications 
industries. 


TCamninG= 


BIRMINGHAM 18. LONDON € SHEFF f 











ELECTRONIC 
ENGINEERS 


An exceptional opportunity exists for Research 
Development and Design Engineers wishing to work 
in a rural area of South West England. Posts are 
permanent, pensionable, and carry top rate salaries. 


Assistance can be given in finding suitable accommo- 
dation. 


The working conditions are ideal, the laboratories 

being housed in a new building designed for the 

purpose, close to a well-known country town in the 
heart of one of the most attractive districts. 


The work offers a maximum amount of interest, 


being concerned with a new super-priority Govern- 
ment Project. 


There are vacancies for : 


(1) PHYSICISTS 
—with a good mathematical background. 


(2) RESEARCH AND DEVELOPMENT 
ENGINEERS—of all levels. 


(3) DESIGN ENGINEERS 
—with practical experience of miniature 
circuitry. 


Applications should be made in strict confidence, with 
full details of experience and academic background, to : 


PERSONNEL OFFICER, 
E.M.I. ENGINEERING DEVELOPMENT LIMITED, 
WELLS DIVISION, 
PENLEIGH WORKS, WELLS, SOMERSET. 








JUNE 1955 














The 
is ii 
cor 
Eig 
col 


Us 
PL. 








The Carter Hydraulic Infinitely Variable Speed Gear 

is ideally suited for use in conjunction with electronic 

controls on all forms of continuous process plant. 

Eight sizes cover from §.h.p. up to 22 h.p. Speed 

controls are adjustable with unit running or 
stationary. 





Used extensively in :— 


PLASTICS MANUFACTURE : PRINTING : CHEMICAL ; 
AND TEXTILE TRADES - CABLE MAKING - GLASS- *% The solution to ALL your 


WARE MANUFACTURING - FOUNDRY PLANT variable speed driving problems 
PAPER MAKING Etc. SEND TODAY FOR FULL PARTICULARS 





C A R T bE R ¢ 2 A R S ‘7 D) Please forward...........copies of Cat. EE/6 to :— 


i] 
Thornbury Road Name : 1 
BRADFORD.3 ENGLAND bien: | 
Telephone Bradford 64378/9 ; 


























(Sarpners Radio 


There are 399 Standard types of 
“SOMERFORD ’ Transformers 
and Chokes IN STOCK ..... 























CR} GARDNERS RADIO LTD., SOMERFORD, CHRISTCHURCH, Hants. Tel.: 1024 
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TRANSFORMERS LTD. 
27-37 MASONS AVENUE, 
WEALDSTONE, MIDDX. 


Telephone 
HARROW 9022/3/4/5. 


————————E——— 
EUADDON? 





V.L.F. — POWER and 
AUDIO FREQUENCY 
TRANSFORMERS 










Open or Enclosed Types — For all climatic conditions 
CONTRACTORS TO ALL GOVERNMENT DEPARTMENTS 











atc Hs nsf opirranr, oF po 
@ cau bes. 


oh ag 
pee dow; Ce Le Sun Gis 
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Capstan and automatic work 
and sheet metal pressings 
in any metal. 














For quick service at the right 
price, get in touch with :— 


GRIFFITHS, GILBART, 


LLOYD & CO. LTD., 
Empire Works, Park Road, 
Birmingham, 18. 
Telephone : NORthern 6221. 
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Quick driving... 









clean cutting.. 










costing... 


| 
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Taps cost money. Tapping takes time. 
Nettlefolds Parker-Kalon  self-tapping 
screws eliminate beth. They cut their own 
thread and hold securely without the aid 
of auxiliary fastening devices. There’s no 
risk of broken or stripped screws holding 
up the assembly line. They can be 
driven by hand power. 

There are five different types of thread 
for different materials. The most generally 
useful being types A & Z which between 
them cover a wide range of materials from 
stainless steel to plastics. They are avail- 
able with all types of heads either slotted, 
Hexagon, or with Phillips Recess. 


GET IN TOUCH WITH G KEN 


GUEST KEEN & NETTLEFOLDS (MIDLANDS) LTD : SCREW DIVISION, BOX 24, HEATH ST., BIRMINGHAM, 18 





You can now avoid the slightest risk that 
delicate electronic instruments will be 
“Damaged in Transit”. HAIRLOK, which is 
a new form of resilient packing, ensures 
perfect protection because it is moulded to fit 
the shape of the product exactly. It can be 
moulded as hard or as light as required and 
will withstand any shock load including low 
frequency vibrations and varying climatic con- 
ditions. HAIRLOK complies with government 
specification and is non-staining to silver. 
To ensure that equipment is ‘‘Received in Per- 
fect Condition” specify Hairlok packing. We 
shall be glad to send full details on request. 


x 






Co. LTD. 


IDDESLEIGH HOUSE, CAXTON STREET, LONDON, S.W.|1. 


s/p.npx/2907 
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HEAVY DUTY ELECTRIC COUNTER 


This Electric Counter is designed primarily for 230 volts, 
A.C., supply. The Counter can be left energised for an 
indefinite period without damage. Provision is made for 
running conduit to the counter case. 


VISIT US ON 
STAND No. DI 
B.LLE. EARLS COURT 
JUNE 28 — JULY 9 






r 
or oe 
& 


Lrsiine Dtvjdled Seales 
‘ — ARCHITECTS & ENGINEERS 


Guaranteed accurate, and made from the finest materials, all 
scales are hand polished, and have clear contrasting figures. 
Extensive range of scales available to meet all requirements. 





at 





OF MANCHESTER 


J. HALDEN & CO. LTD., 8 ALBERT SQUARE, MANCHESTER 2 


COUNTING INSTRUMENTS LTD. 


BRANCHES AT LONDON, NEWCASTLE-ON-TYNE, BIRMINGHAM, GLASGOW, LEEDS AND BRISTOL 5 Elstree Way, Boreham Wood, Herts. Phone: ELStree 1382-3-4 








SLIDING 
RHEOSTATS 


Sound in design and incorporating a 
very high standard of craftsmanship 
at competitive prices, Cressall Sliding 
Rheostats are manufactured in a 
variety of types and sizes to meet 
every known requirement. These 
rheostats can also be supplied with 
screw motion drive, bevel wheel 
drive and motor drive. 








XN 
TECHNICAL 
SERVICE 






Registered trade name of 
THE CRESSALL MANUFACTURING CO. LTD. 


TOWER STREET - BIRMINGHAM - 19 THE HARBORO' RUBBER CO. LTD. MARKET HARBOROUGH 








| TELEPHONE: ASTON CROSS 2666 (3 LINES) - TELEGRAMS: ‘OHMIC, BIRMINGHAM’ | 
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It is acknowledged that vibration causes metal fatigue. Author- The present Good- 


itative opinion is divided as regards the precise investigating mans range of Vib- 

approach to fatigue failure — whether the frequency of reversals rators extends from 

should be high or low, and the amplitude large or small. a model developing 
. 5 ’ ‘ +300 Ibs; to a 

To simulate a particular vibration mode under controlled midget with a force 

conditions is to go a long way to discover the critical failure output of approx- 

point. And Goodmans Vibration Generators do just that. imately = 2 Ib. 

Our wide experience in the design and production of electro- 

dynamic vibration generators is at the service of Industry, and we Full details on request 

welcome enquiries for specialised applications, with particular to “Vibration Dept. E”’ 


emphasis on fatigue testing problems. 


GOODMANS INDUSTRIES LIMITED AXIOM WORKS, WEMBLEY, MIDDX. Tel.: WEMbley 1200 
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mVeUnteltp for hearing aids 





The smallest glass-encapsulated transistor in the world ; a result of the 
specialised valve manufacturing techniques pioneered by HIVAC. 
Hermetically sealed against moisture. 


All British manufacture throughout. 
Contains a germanium junction element manufactured by 
The new HIVAC junction transistor, type XFTI, because of its 


extremely small size and high performance, is the perfect element 
for all stages of the most modern Hearing Aids. 


Dimensions are only 5.3 x 3.8 x 15 mm. 





Ilustrations 
are actual 
size 


. 


H ltd STONEFIELD WAY, VICTORIA ROAD, La amy 
ivac SOUTH RUISLIP, MIDDLESEX. 3366" 
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a case of design... 


There’s such a thing as going too far, of course... 
But design is important. First impressions count 
a great deal. The outward appearance or casing 
of your product can make or break it—at least, 
through the buyer’s eyes. Imhof ’s—as designers 
and manufacturers of all types of sheet metal 
casings—offer you a specialist service ready to 
meet your needs—for the bulk production of casings, 
racks, cabinets and control consoles of any size 
and in any quantity. There’s the famous Imhof 
standard range of housings—any one of which 
may suit your requirements. If you wish, we will 
design exclusively for you: build prototypes and 
then produce. Could you ask more ? Write or phone 
for further information: or call and see for 
yourself. 


for worthwhile cases, racks, consoles and cabinets 


ALFRED IMHOF LTD. 


Dept. H3, 112-116 New Oxford St., London, WCI. Museum 7878 


CRYSTAL OVEN 


TYPE ESI0I 











A temperature controlled oven for quartz crystals 
(10X, 10XJ or B styles). ™ 


% Temperature differential 1.5°C. 

*% 6.3V. heater—11 Watts. 

% Adjustable thermostat. 

% Visual indication of thermostat operation. 
%* Small size—low cost. 


WRITE FOR LEAFLET E.E.5101 to :— 


Labgear (Cambridge) Ltd. 


WILLOW PLACE, CAMBRIDGE 
’Phone : 2494-5 ’Grams : LABGEAR, CAMBRIDGE 











THE NEW KOLECTRIC 
TYPE RH/I HAND COIL 
WINDING MACHINE 





A substantially built Machine suitable for winding 
wire from 14.SWG (0.080’) upwards to the finer 
wire gauges. 


A sturdy detachable winding handle is provided 
and two winding ratios are available:- 1-1 and 1-4. 


This machine possesses many outstanding features 


full details of which, together with prices, are 
available on request. Prompt delivery. 


Kelecteic [ro 


73 UXBRIDGE ROAD, EALING, LONDON W.5. Ealing 8322 
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STAND 5. BLOCK B. 
BRITISH INSTRUMENT INDUSTRIES EXHIBITION 
EARLS COURT JUNE 28-JULY 9 


panpD=» 
Tantalum Mesh 


EXPANDED TANTALUM MESH can be supplied by 
Murex Ltd. in 60, 42 and 30 mesh per linear inch. The 
overall thickness of the mesh can be between 0.1 mm 
and 0.18 mm for the 60 mesh, from 0.1 mm to 0.38 mm 
for the 42 mesh and 0.18 mm to 0.38 mm 
for the 30 mesh. The maximum width of 
piece which can be supplied is 15 cm. The 
material can be supplied either as expanded 
or can be flattened after expansion. 
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Applications for the tantalum mesh will be found in 
the electronics industry and in corrosion resistant 
chemical plant. Write for further information. 


MUREX LIMITED 


(Powder Metallurgy Division) 
RAINHAM: ESSEX: 


) 





Vv 












Rainham, Essex 3322 








of Superfine Wires and can supply ‘Vacrom’ 
down to .0005” and ‘Eureka’ down to .0007’ 


VACTITE WIRE CO. LTD., 75 ST. SIMON ST., SALFORD 3, LANCS. 


Associated with The London Electric Wire Co. and Smiths Ltd., Frederick Smith & Co., and The Liverpool Electric Cable Co. Led 
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Lewcos Insulated Resistance 
Wires with standard coverings 
of cotton, silk, glass, asbestos, 
standard enamel and synthetic 
enamel are supplied over a 
large range of sizes. 


Send for this leaflet 


THE LONDON ELECTRIC WIRE COMPANY 
AND SMITHS, LIMITED 
CHURCH RD., LEYTON, LONDON, E.1@ 


Incorporating Frederick Smith & Co. 


Associated with The Liverpool Electric Cable Co. Ltd., & 
Vactite Wire Co. Ltd. 





nM [J a 1 0 MICRONECTORS 








MICRONECTORS 
are precision 
miniature connectors, 


designed for instrument 
and aircraft applications 
where space is limited. 
Plug and socket bodies 
moulded in Nylon 
Loaded P.F. 


Contacts finished in pure gold plating to ensure ease of 
soldering, low contact resistance, and long storage life 


without corrosion. 


Covers made of anodised aluminium fitted with 
sturdy cable clamp. 


The full range, which will shortly be available, will 


include 9, 28, 26 and 34 way. 


Wholesale Agents:—Lugton & Company Ltd., 
209-212, Tottenham Court Road, London, W.1. 
Telephone : MUSeum 3261. 


For full details apply :— 
THE McMURDO INSTRUMENT COMPANY LTD. 
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Actual size 
1B acy 


now available 


Plug 
MPI18 











Victoria Works, Ashtead, Surrey. Tel: Ashtead 3401 
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Alcomax IY 


incom parable for 


Rotating Magnets 


Highis efhcient rotating 
Magnet system comprising 
Iclipse magnet between 


interleaving mild steel Informative technical litera 


role pieces 
! I ture will) be supplied on 


request 


PERMANENT 
MAG NM = TS: gg ee 


“Eclipse” 


JAMES NEILL & CO. (SHEFFIELD) LTD. Permanent Magnet Chucks 
SHEFFIELD 44 ENGLAND M2 









" RECORDING GALVANOMETERS 


Range immediately available :— 
0-40, 0-65, 0-130, 0-250, 0-1000 & 0-2500 cycles/sec. 


A plug-in type mirror galvanometer is now 
available to suit most types of photographic 
recorders. Primarily designed for the Aircraft 
Industry, their inherent stability makes them 
suitable for the recording of any physical 
dynamic quantity. 





For information of our range of instruments for if ‘ Length 
the measurement and recording of vibration, Dia. Maz... 
strains and pressures, write tO .......6. 

NEW ELECTRONIC PRODUCTS LTD. 





9 NEW CAVENDISH STREET ° LONDON W.I ° (WELbeck 1421-2) 
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HILTON RELAYS HILTON RELAYS HILTON RELAYS 











P.O. TYPES 
TO YOUR 
SPECIFICATION 


Standard or Special COILS 





—farumwataiieee PROMPT 
HIGH - a also D E L | VE we Y 
LARGE 
STOCKS 
OF 
KEYSWITCHES 














THE KEYSWITCH CO. 


ALL POST OFFICE EQUIPMENT 
Enquiries to Sales Director 


1246 KENSAL ROAD, LONDON, W.10 
Telephone : LAD. 0666. 4640 















MUST WE 
BE HEROES ? 


And fight the Fire Fiend 
without NU-SWIFT ? But why? Even 
the Royal Navy don’t do that. Please 
send us details of your wonderfully 
rapid and reliable Fire Extinguishers— 

BEFORE IT IS TOO LATE! 


! 
In Every Ship of the Royal Navy 





LOW PRICES INSTRUMENT CASES 
in Steel with light alloy panel. (18 G throughout.) 





Type “9"" 8°x9"x8" 18/6 Type “9-12” 9°x12"x9 21/- 
Type “12” 10}”x12"x10}" 25/- 


Light alloy chassis in 18G with reinforced corners :— 


6x4x2)... 5/6 14x8x 2}... 13/9 10x8x 2%... 9/6 
6x8x24... 8/- 16x 8x 2)... 14/9 10x95 34 1 
10x 7x 2¢.. 6x5x24... 7/6 14x9x 2}... 14/- 


- W- 
12x 8x 2%... 10/6 10x62}... 8/6 16x 9x 2$... 15/6 


High stability resistors in |, 2, and 5% available from stock or 
to order. 1% condensers also stocked in limited range. 


KENDALL & MOUSLEY LTD. 
18, Melville Road, Edgbaston, Birmingham, 16 
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ELECTRIC CO.LTD 


52.POOL ST.WOLVERHAMPTON 











pil 
AOLENOIDS 





HILTON 


Phone: 22783 





HILTON RELAYS HILTON RELAYS HILTON RELAYS 















that can’t come out! 
Easy to fix, Safe in use, Saves time. 


The Insuloid Bush is instantly fixed i 
by a simple finger action, and yet ; 
it provides complete security when 
assembled. High dielectric. Fully 
tropical. Approved all services. 


sence eeseoeeeeseeeseeeeeee 










Samples and literature available on request. ; 


INSULOID MANUFACTURING 


COMPANY LIMITED ae. | 
Sharston Works, Leestone Road, Wythenshawe, Manchester. 
Tel: Wythenshawe 2842 


HUNTON will cut your press 

















tool costs for PROTOTYPE and 
| 


PRE-P CTION RUNS! 









THE UNIVERSAL BOLSTER OUTFIT 
USING STANDARDISED PUNCHES AND 
DIES FOR SHEET METAL PIERCING 
AND BLANKING ON FLY PRESSES 





STUDY ; 
THESE ADVANTAGES : 


@ Specialised range of Chassis Piercing 
and Forming Tools for the Radio and Electronics Industries. 
@ To get you started—standardised Punches and Dies }” to 33” dia. 
in 1/32" sizes from stock. 
& > short notice, Standardised Tools for square, oblong and other 
shapes. 
@ Adjustable Gauges for exact location of work. Automatic and 
Positive Stripping of material from Punch. 
if in London and Home Counties, ask for a practical demonstration in 
your own works. Alternatively, write for illustrated price List. 


HUNTON LIMITED 


PHOENIX WORKS, 114116, EUSTON RD., LONDON, 
N.W.I. = Tel. : EUSton 1477 (3 lines) Grams : Untonexh, London 
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NOW — Infra-red analysis enters a new phase with 


the development of this Mervyn engineered instrument 
using Merton—N.P.L. diffraction gratings. 


Here is the long awaited high resolution instrument 


for the 1u — 4u region. Of great stability, it reads © 


percentage transmissions direct. 


USING A COMPLETELY NEW 
ELECTRONIC COMPENSATING SYSTEM 


This versatile instrument is compact and 
simple to operate. Has many applications in 
the manufacture of petroleum products, plastics, 
detergents, pharmaceuticals and other processes 
where the high cost of contemporary equipment 


has restricted the use of Infra-Red techniques. 
Send for full information to: Dept. IS/5 


MERVYN INSTRUMENTS 


JOHN’S, WOKING, SURREY. 
Telephone : WOKING 2091 
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[[Specialists in Sub-Miniature Telecommunication Components 


Actual 
size 





CIRCULAR STAND-OFF INSULATOR 


1,000 Volts working - .5pF capacity to 
earth - Diameter .5” - Height .35” - 
Fixing hole diameter .12” 





DEVELOPMENTS CO. LTD. 


ULVERSTON NORTH LANCS 


Te/ Ulverst n 3306 














My 


a Wii, 


CRINKLE: 


ATLAS 






= 


washers 


Heat treated and plated, giving corrosion 
resistance with high degree of recovery 
in relation to load, and resistance to 
**set’’. Spring locking action suitable 
for electronic and instrument components. 
Size range }$” to 8 B.A. 


Prices and samples sent on request. 


CONTRACTORS TO THE ADMIRALTY © MINISTRY OF SUPPLY © @ OTHER GOVERNMENT OCPTS 
DAVID POWIS LCL SONS LID 
‘TRAD @ maan 
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Console Cabinets 








OUR DESIGN and Development Departments 
are actively engaged in solving CABINET problems. 
We illustrate a CABINET designed and 
manufactured for a Government Department 

for Teleprinter Receiving Equipment. CABINETS 
are designed to our Customers’ specific require- 
ments and, if required, completely wired and 
finished to individual taste. 





(oe) PANY Li M | 7 E as We welcome your enquiries and we are only 


too pleased to offer every assistance with your 
Cabinet and Console problems. 


Kingsbury Works, Kingsbury Road, London, N.W.9. Tel: COLindale 6196/7/8 
DHB/2151 


POWER EQUIPMEN EQUIPMEN 














Deop tapped Holes 


PRECISION 


PATENT SERRATED 


Anchor rivet Bushes 





Manufacturers of all kinds of 
products use this method of 
fastening to metal sheets and panels. Note 
the serrations on the finely tapered 
shank — these cut their way into the 


sheet and prevent the bush from rotating 





in the panel. 


Ask for lllustrated Leatlet 155 


THE PRECISION SCREW & MFG. Co Ltd UNION STREET + WILLENHALL + STAFFS. 
Telephone: WILLENHALL 621 & 622 
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PROMPTLY °F Fo 
ACCURATELY oO 
& EFFICIENTLY from 


PRESCOTT MANFG. CO., LTD. 


SPENCER STREET, BIRMINGHAM, 18 
Telephone : CENTRAL 2933 


















= i i 


| Harvey Electronics Ltd. announce two new miniature servo- 
| mechanisms to the design of the Low Speed Aero Research 
Association, Farnborough. 
} Model 0. Case Size 2.9” x 2.1” x 1.35” 

Stalled Torque | Ib-ft. Price £35 

Model I. Case Size 4.0” x 2.5” x 1.57” 

Stalled Torque 4 Ibs-ft Price £50 
Available in 6 v, 12 v or 24 v versions. Both mechanisms when 
used with suitable servo amplifier, also available, provide 
quasi-linear response when approaching rest position. 


Write for Pamphlet and L.S.A.R.A. Report No. 4 


HARVEY ELECTRONICS LIMITED 


FARNBOROUGH, HANTS 
Tel. Farnborough 1120 











| Nisietere Secveliediiiiins | 


London Office : 59, Union St., S.E.1. Tel. : Hop 4567 Telephone : Darwen 1028 


oe 


Whether it is straightforward sheet steel cases 

or the most complicated fabrication in any 

metal—the experience of half a century is at 
your service, 


RITHERDON & CO. LTD. 


Lorne Street, Darwen, Lancashire 
Established 1895 














A. V. ROE & CO. LTD., 


have the following vacancies in their 


WEAPONS RESEARCH DIVISION 
at 
WOODFORD 


TECHNICIANS 


For design and development work in a guided 
weapon project. At least 3 years experience 
in electronics or H.N.C. is necessary. 


JUNIOR AND SENIOR DRAUGHTSMEN 


For design work in precision instrumentation. 
At least 3 years experience in design precision 
engineering or H.N.C. is necessary. 


GOOD SALARIES AND PROSPECTS 


PENSIONS AND LIFE ASSURANCE 
SCHEME 








Application giving full particulars of age, 
qualifications and experience to be addressed 
to :— 
A. V. ROE & CO. LTD., 
WEAPONS RESEARCH DIVISION, 
WOODFORD, CHESHIRE. 








INSULATION 


Our products include— 

Presepahn and Leatheroid ; Pressboard ; Vulcanized Fibre 

Cable and Red Rope Paper ; Bakelite and Ebonite ; Varaished 

Paper and Tapes ; Varnished Silks and Tapes ; Varnished 

a and Tapes ; Varnished Cambric, Silk, Glass and P.V.C., 
Cotton Tapes, Webbings and Sleeving Chatterton 

pe DR Adhesive and Rubber Tapes. 


PRESSPAHN, LTD. 


Bradford, Yorks, England 
Established 1900 


neCiSTERg, 
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Telephone: 
Bradford 25135 (Pvt. Br. Ex.) 
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THE SERVICE ENGINEER'S 
FIRST CHOICE 
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Wherever 


specialised work \ 


is required in %. 


the production of . 


METAL FAB 


Pressings, Components, 
Cabinets, Cable Boxes, 
Transformer Tanks, 
Engine Beds, Chassis 
Assemblies and Steelwork 
of every kind — our 
extensive experience 
enables us to fulfil the 
most exacting specific 


requirements. 


We are always pleased to 
receive enquiries and to advise on any 
Specialised Metal Fabrication without obligation. 


SPENCER & SONS 





(MARKET HARBOROUGH) LTD. 


Metal Fabrications, 


Pressings and Steelwork 





GREAT BOWDEN ROAD: MARKET HARBOROUGH :LEICS. 


Telephone: 2651/2 
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THING 


AS A 
DIFFICULT 


CUSTOMER 
AT 


SAVAGE 


ooo 











This is the name usually associ- 
ated with the discerning customer 
who always appreciates the qual- 
ity and service by which we have 


gained our reputation. 


Rae 


se“ DEVIZES) 


NURSTEED ROAD - DEVIZES - WILTS 
DEVIZES 932 


(SAVAGE. eejiygy DEWIZE: 


1°) 
“Mite 





Telephone: 
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Two new 

GLASS FIBRE 
LAMINATES 

with a tremendous 
range of uses! 


~ MF” 


An inexpensive 
laminate, fireproof, 
aai With good mechanical 

oe properties. 
a6 59 
5 al 
Nl 
ag A general purpose 
ual Insulating Material, 
es as © with good 
enquiries for ol machining and 
GE punching properties. 


ANOTHER PRODUCT 
Write for specimens and quotations 


RUBBER IMPROVEMENT LTD., WELLINGBOROUGH, NORTHANTS - Tel: Wellingborough 2218 & 2286 

















STEATITE 





... for all high 


frequency applications 





Over a century of ex- 
perience in this highly 
specialised field. 

We invite your enquiries. 


Machined to special designs and fine limits. 


SUGG, WILLIAM SUGG & COMPANY LIMITED 
westMinsTER VINCENT WORKS, REGENCY STREET, WESTMINSTER, S.W.1.  ViCtoria 3211 
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THE SOLARTRON 
ELECTRONIC GROUP LTD. 


A BRILLIANT FUTURE for young 
men with original ideas. 


Are you grasping your opportunities 
as an Electronic Engineer ? 


The — successful SOLARTRON 
ELECTRONIC GROUP offers a 
fresh and stimulating atmosphere, 
encourages individual responsibility, 
provides the right services. 


ADD TO YOUR FUTURE VALUE 
by gaining experience on important 
commercial applications of the latest 
electronic and _ electromechanical 
techniques. 


Excellent openings for :— 


SENIOR RESEARCH 
ENGINEERS to carry out 
advanced circuit design either 
for electronic instrumentation 
or business machine applica- 
tions. Minimum salary £1,100 
p.a., upper limit commensurate 
with ability. 


PROJECT DEVELOPMENT 
ENGINEERS Men with DRIVE 
and some experience of produc- 
tion techniques who are skilled 
in developing electronic equip- 
ment from outline circuitry. 
Salary approx. £800 p.a. 


JUNIOR RESEARCH ASSIS- 
TANTS Graduates with sound 
theoretical background to assist 
with research; work offers 
interest, variety and excellent 


prospects. 
Apply in writing to Personnel 
Director, 


The Solartron Electronic Group Ltd., 
Queens Road, Thames Ditton, 


quoting ref. D.1. 
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Precision Jest Gear 
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A:°C- STABILISER 


r. G. N. Patchett’s design 


@ Input : 220V +10% 
@ Output : 220 or 6.3V or as required 
@ Stability : Output +0.01% for Input +8% 

@ Load : 320-400W. Unity to 0.85 pf (lag) 

@ Frequency : 40-60 cps. 
@ Response Time : 5 cycles 

@ Low Distortion—no saturable reactors 

@ Size : 18” x 94” x 92” 


@ Weight : 27 Ibs. 


Other models can be supplied to operate at 400 c.p.s. 
Also high precision types. Write for full particulars 


H. TINSLEY & CO. LTD. 


| WERNDEE HALL .S.E.25 . TEL. : ADD 1400 


| 
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PM. I10 
MINIATURE MOTOR 


AVERAGE CHARACTERISTICS FOR 6 MOTORS 





The permanent magnet miniature motor 
PM.110 has been developed to provide a 
source of magnetic power for driving 
small mechanisms, with particular regard 
6 to compact equipment. 


(WATTS) 
o 
5 
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= 
INCY _X IO 
oe 
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& 
be, 
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° 
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EFFICENCY The motor will operate from a 6 volt or 
other voltage supply and because of its 
economical cost can be used in expend- 
able and other irrecoverable equipment. 





euT-s vouts We are pleased to supply technical 
report No.161 on request. 
Q 
sO 





























Technical Control 


Close technical control of production is an all- 
important factor in the manufacture of Telcon 
Metals. Accurate tests and measurements are 
made at various stages in the course of production 
and the illustrations show two of the many routine 
examinations conducted in our well-equipped 
laboratories. 















Routine Factory testing of Mumetal 
toroidal cores. 











Precision measurement of magnetic 
characteristics of toroidal Mumetal 
cores by the Ferrometer. 











MAGNETIC ALLOYS — Mumetal, Radiometal, H.C.R., 
Rhometal, Permendur, R2799, 36/64, Dust. 


RESISTANCE ALLOYS — Pyromic, Calomic, Telcuman, 
Telconstan, Telconal. 


SPECIAL ALLOYS — Thermostatic Bimetals 140, 400, 15, 
Telcoseal, Invar, Beryllium-Copper. 


TELCON The Telegraph Construction & Maintenance Co.Ltd 


Head Office: 22 Old Broad Street, London, E.C.2 
Telephone: LONdon Wall 7104 


Enquiries to: Telcon Works, Greenwich, London, S.E.10 
Telephone: GREenwich 3291 
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Symons Silicone Insulation 


for Class H working 
RESISTS BOTH EXTREMES OF TEMPERATURE 


“SYMEL” silicone elastomer products can be used continuously 


at temperatures from —60°C to + 180°C without deterioration. 





“SYMEL” extruded silicone elastomer sleeving is available in 
sizes from .5m/m to 25m/m bore. Being completely 
homogeneous, it is moisture-proof, with good electrical 
properties in humid conditions. 
*““SYMEL” silicone elastomer coated glass and ‘‘Terylene’’* are 
manufactured in thicknesses from 
0.0045” to 0.060”, and are supplied as semi-cured or cured tapes, 
coated on one or both sides. 
Please write for technical data sheets. 

*The name “*Terylene’’ is the property of | 


1.C.1. Ltd., and is the name given to a 
particular Polyester fibre. 


For tested flexible insulation—say SYMONS for sure 


SYMONS’ 

ADVISORY SERVICE 

If you have an electrical insulation 
problem, send it to us! Our Test and 
Research Department will be pleased 
to advise you. 





PARK WORKS - KINGSTON HILL - SURREY . Tel. Kingston 009! - Grams. Insulation (Phone) Kingston-on-Thames 


























ucker 


PRODUCTS ) 








For a quarter of a century we have been supplying Eyelets, 
Solder Tags, Terminals, Flat Brass Strip Wires for Capacitors (with 
or without the eyelet combined), Valve Top Caps, etc., to the Radio 
and Television industry, and numerous TUCKER products are now 
standard components throughout the trade. 


We now welcome enquiries from the ELECTRONICS INDUSTRY 
for small metal pressings or piece parts, and willingly place at the 
disposa! of its designers and research staffs the resources of our 
Technical Department and our many years of experience in this type 


of work. 
Geo. TUCKER EYELET Co. Ltd., Walsall Rd. BIRMINGHAM 22 
Telephone: BiRchfields 5024 (7 lines) Telegrams: EYELETS.BIRMINGHAM 
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serge POLARIZED RELAYS 


{have these outstanding features 


HIGH OPERATIONAL SPEED * HIGH SENSITIVITY 
FREEDOM FROM CONTACT REBOUND 
NO POSITIONAL ERROR * HIGH CONTACT PRESSURES 
EXCEPTIONAL THERMAL STABILITY * EASE OF 

ADJUSTMENT * ACCURACY OF SIGNAL REPETITION 
The Carpenter Polarized Relay will respond to weak, ill-defined or 
short-duration impulses of differing polarity, or it will follow weak 
alternating current inputs of high frequencies and so provide a contin- 
uously operating symmetrical changeover switch between two different 
sources. Five basic types are available with a wide range of single 


and multiple windings. Particulars of the type best suited to your 
purpose will be gladly supplied if you will send us your circuit details. 


Manufactured by the sole licensees 


TELEPHONE MANUFACTURING CO. LTD 


‘il Contractors to Governments of the British Commonwealth and other Nations 





HOLLINGSWORTH WORKS, DULWICH, LONDON, SE2I 
Telephone GIPsy Hill 2211 








Waet ® ai @& ini: 


are undertaking the manufacture of a complete range of a.c. and d.c. servo- 


components. This expanding programme calls for the appointment of senior 


and junior development engineers, liaison engineers and project engineers 

with genuine interest in problems of design, development and manufacture. 
These positions are permanent, pensionable, and command generous salaries. 
Applications giving details of academic qualificatidns and experience should be 


sent to the Personnel Manager, Vactric Limited, 19 Brunel Road, London W3 
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ELECTRO-MAGNETIC 


IDE 





X. of inorganic & 
FICATION 


organic molecules 
V.1.A<mass spectrometer combines hig say aie ee = 



















This mass Spectrometer 
is of high sensitivity and 
accuracy, and provides 
identification of inorganic 
and organic molecules of 
mass numbers 16—90. The 
minimum of variable con- 
trols throughout the full 
scale of recording, contri- 
butes towards trouble-free 
service. The Spectrometer 
is of the 180° focussing type 
with fixed magnetic field of 
1500 Gauss and a varying 
accelerating voltage. 


: ai \J 
Made | Me aay 
by DANIEL ey 
VARNEY LTD SAE 
and Z-} 
marketed \ ’ 
by 


Pia manufacturers of indus- 
BVIA-VAC 


trial vacuum equipment—consulting 
service to industry. 





VACUUM INDUSTRIAL APPLICATIONS LTD. WISHAW, LANARKSHIRE 














ELECTROPHYSIOLOGICAL 
TECHNIQUE 


By C. J. DICKINSON, B.A., B.Sc. (Magdalen College Oxford) 


Price 12/6 
(Postage 6d.) 


The author describes the use of electronic methods as applied to 
research in Neurophysiology. 
Chapters 


are devoted to amplifying, recording and stimulating 
techniques used in Physiology and Medicine (e.g., electro-cardiography, 
electro-encephalography, etc.). 


Order your copy through your Bookseller or direct from:— 


Electronic Engineering 











28 ESSEX STREET, STRAND, LONDON, W.C.2. 
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to see... to handie? 


+ LONG SCALES 


& CLEAR & POSITIVE CALIBRATIONS // 


. 34 FEET OF BANDSPREAD 
PER RANGE 





‘840A’ Receiver £49 


Ask for descriptive brochure—post free ! With full communications specification. 





H.P. FACILITIES gladly arranged : 
Deposit £9. 16. 0 and 
12 payments of £3. II. II. 


A full ran of Eddysto 
u ge ystone or 18 payments of £2. 10. 2. 


equipment always available at 


TOW 4 R | WZ. ) 14 SOHO STREET, OXFORD STREET, LONDON, W.! 


Shop hours : Weekdays 9 a.m.—5.30 p.m. Sats. 9 a.m.—I p.m. Telephone : GERrard 2089 











A CAREER AS A REGULAR ARMY OFFICER 
WRENCHES ? FOR QUALIFIED ENGINEERS 


MECHANICAL, ELECTRICAL AND ELECTRONIC ENGIN- 
EERS are required as officers in the Corps of Royal Electrical and 
Mechanical Engineers. 


THERE ARE TWO METHODS OF ENTRY. 
These are either :— 

cS) NMIPPERS ? (1) On a short service commission (which offers a 
43 good opportunity of obtaining a permanent com- 


mission) with a gratuity of about £100 for each 




















completed year of service on leaving 


or 
se (2) On a Permanent Regular Commission with a 
valuable pension and a terminal grant of £1000 
(tax free). 
Candidates must be physically fit and between the ages of 23 and 
28 years old (except for those with previous service in the Armed 


Forces, who may be 30 years old). They must have passed or be 
exempt from the examinations of either the Institution of Mechan- 


—or for that matter pincers, pliers, (with ical Engineers or the Institution of Electrical Engineers, or have a 
Z : | University Degree in Natural Science or Engineering. In addition, 
flat, round, duckbill, snipe or any other 24 years experience as an engineer (or 14 years in the case of 
s f id d University graduates) is normally required. 
kind of nose you a side cutters, om: ha pay —_ Army officers may expect is according to the 
i where pliers are concerne a 
cutters, in fact, wh ’ P : aure Rank Normal Age If Single If Married 
the lot. Every Wilkinson plier (or is it Lieutenant .. 23 £686 £823 
‘ . ; P Lieut ee 25 £723 £860 
pliers?) is fit and ready to do its job and roo a £866 £1,005 
go on doing it. Try them once and you'll aa het £1,330 
Sa ; Colonel Y 45 £1,795 £1,922 
never need another one (or is it pair?). —e . s £2'068 £2'187 


(Note.—This is the U.K. scale ; there are various additions 
in certain overseas stations. 

In this tablg the figures of a single officers’ pay include an 
KERFOOT STREET element for food and accommodation which are normally 
provided in kind. This has been made to provide a direct 


WARRINGTON means of comparison with civilian scales of pay.) 
W | L K | N S) O IN S For further details please write to :— 
TOOLS LIMITED @ ENGLAND The War Office (P.A.6 (b)), London, S.W.1. 


and quote this announcement. 

















X.24, 
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HON-FERROUS 
CASTINGS 


FOR THE 


ELECTRICAL 
INDUSTRY 






Sandwell Castings are in- 
corporated in many of the 
best known products 
throughout the Electrical 
Industry. (Illustrated is a 
typical Sandwell Casting 
used in Reyrolle 132 kV. 
3,500-MVA. air-blast cir- 
cuit breakers). When next 
7 you require precision non- 
ferrous Sand Castings, 
4 Gravity Die Castings or 
e Pressure Die Castings, 
LET SANDWELL QUOTE. You 
will find our prices 'keenly competitive 
and deliveries prompt. 


ILLUSTRATED LITERATURE ON 
REQUEST 


THE SANDWELL CASTING CO. 


BANK STREET FOUNDRY, WEST BROMWICH. 
Tel: STOnecross 2231 (4 lines). Grams: *‘REPCAST” West Bromwich. 





(R AND 1 Mi Vibe 
| /a10, | 







FLUORISING 
LUMINISING 


41 WEST END LANE LONDON N.W.6 TEL: MAI. 6595 


“SPEARETTE” vue 


ALIGNING TOOLS 


TYPES AVAILABLE FOR 
B7G - B8A - B9A - BIG 
VALVE BASES 

SPEAR ENGINEERING CO. LTD. 


TITAN WORKS, WARLINGHAM, SURREY 
Telephone: Upper Warlingham 2774 























OMETERS 


Wire-wound and Composition 
types. Single, Ganged, Tandem 
Units. Characteristics : linear, 
log., semi -log., non - inductive. 
etc. Full details on request. 


CS icianc 


POTENTI 


Pa 















RELIANCE MNFG.,CO. (SOUTHWARK), LTD., 














‘ SUTHERLAND ROAD, HIGHAM HILL, WALTHAMSTOwW, €.17, 
XQ 


Telephone : Larkswood 3245 
We Specialise in... 


MAGSLIPS SELSYNS 











and other 
ROTATING COMPONENTS 
for 


AUTOMATIC CONTROL SYSTEMS 


Brochure available from :— 


Serve and Electronic Sales Ltd. 


1, HOPTON PARADE, STREATHAM HIGH ROAD, LONDON, S.W.16, ENGLAND 
STREATHAM 6165 E.E.12 








STEVENAGE RELAYS Lrp 














@ Manufacturers of Type 3,000 relays with 


contacts and windings to customers 
requirements. 
@ Designers of relays to meet special 


requirements. 
@ Noused or second hand materials employed. 


For particulars apply : 
48 DOVER STREET, LONDON, W.1 
Grosvenor 1716 
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SERVO-MECHANISMS 
SHORT BROTHERS & HARLAND 
LIMITED 
require a 


DEVELOPMENT ENGINEER 


in the Research Department for interesting work on 


SMALL 
SERVO-MECHANISMS 


involving electronic or magnetic amplifiers coupled to 
electric or hydraulic mechanisms 


Qualifications: University Degree. Development 

experience and ability to undertake theoretical 

analysis of feedback systems and engineering develop- 
ment of the components involved. 


Salaries and conditions are good, pension scheme, 
assistance with housing in Northern Ireland and with 
expenses of removal thereto. 


Applications are treated in strictest confidence. 
Interviews in London or Belfast. 


Applications to Staff Appointments Officer, P.O. Box 
241, Belfast, quoting S.A.50. 

















A.C. SOLENOID TYPE SB. 


Continuous 2.3/8 Ib. at 1” 
Instantaneous to 16 lb. 


INSPECTION 


Also Transformers to 
6 KVA 3 Phase 


R. A. WEBBER LTD. 


18 FOREST ROAD, KINGSWOOD, BRISTOL. 


100% PRODUCTION 


Smaller Sizes Available. 


PHONE 74065 














RECTIFIERS «moon ce” 


The new metal rectifier (Selenium) 
Highest quality. Does not age. All ratings from 4 to 
200 Amp. Small or large quantities. Quick delivery. 

A few examples : 
Full wave bridge, Input 20 V, Output 16 V. 3A 6/6, 
1A 9/-, 2A 16/6, 3A 21/6, 5A 27/-. Input 40 V, 
Output 32 V. 4 11/6, 1A I7/-, 2A 31/6, 3A 41/-, 
5A si . etc. Post free. 


Special rectifiers at short notice. 
Manufacturers and trade inquiries invited. 


ELECTROCHEMICALELABORATORIES (Rect. Div.) 


5, HIGHFIELD, WARDLE ROAD, SALE, MANCHESTER. 
Telephone: Sale 5851 











PRE-SET CONTROL LOCK 


Designed to lock the spindles of 
pre-set potentiometers or 
trimmers without rotational or 
lateral displacement of shaft. 
Will accept wide range of panel 
thicknesses. 


TYPE P TYPE C 
Very attractive 
appearance for 
panelmounting. SE a _ w 


0 
LEAFLET L3 





SUTTON COLDFIELD ELECTRICAL ENGINEERS 
CLIFTON STREET, SUTTON COLDFIELD. Phone: 5666 





CAP, L.F.S. to British Standard 
98/E5. Diameter 5mm. Length 
€mm. 

PALLOONS. Tubular 5mm. Sphe- 
rical 7.5mm. OVFRALL LENGTH 
(Balloon and Cap). Tubular 
15mm. + Imm. Spherical 16mm. 
+ 1mm. RatTiInGs. All standard 
voltages up to 24 volts. Amperage 
from 0.3 on low voltages to 0.06 
on higher voltages. 


VITALITY L.E.S. BULBS 


V.tality Bulbs Ltd., Neville House, Neville Place, London, N.22. 








MAGNETIC 
AMPLIFIERS 


SHORT BROTHERS & HARLAND 
LIMITED 


have a vacancy in the Research Department for a 


DEVELOPMENT ENGINEER 


to work on magnetic amplifiers for computing systems 
and automatic pilots. 


Qualifications: University Degree and some years 

engineering development experience with the capacity 

to accept full responsibility for the theoretical design 

and practical development of such components. 

Salaries are good, Pension Scheme, assistance with 

housing in Northern Ireland and with expenses of 
removal thereto. 


Applications are treated in the strictest confidence. 
Interviews either in London or Belfast. 


Applications to Staff Appointments Officer, P.O. 
Box 241, Belfast, quoting S.A. 51. 
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e design 
e machining 
® performance 
@ price 

e delivery 


The most comprehensive range of 


U.S. CONNECTORS outside the U.S.A. 


€O-AX Connectors 
COAX Cables R.G. Cables 
Microdual drives 


TRANSRADIO LTD. 138ACromwell Rd. London SWZ. raeaaet 














RELAYS P.O. TYPE 3000 


BUILT TO YOUR 
SPECIFICATION 


QUICK DELIVERY 
KEEN PRICES 
QUOTATION BY 
RETURN 


RACKS P.O. STANDARD for |9” panels. Steel channel 


sides, correctly drilled, heavy angle base. Height : 4’ 10” or 6’. 





KEY SWITCHES 


PROMPT DELIVERY 
OF ALL TYPES 


a re . sé 
MICROAMMETERS 250 F.S.D." Model $37 3}” Flush Type. 
Knife edge Pointers scaled for Test Meters. 55/-. 
RATIO ARM UNITS By H. W. Sullivan. Brand new."600 
ohms + 600 ohms. 50/-. Post}2/-. 
WHEATSTONE RESISTANCE BRIDGE Manganin. 
Up to 10,000 ohms. £5. Post 2/6. 


ELECTRO-MAGNETIC COUNTERS 
COUNTING UP TO 9999 








TYPE 9G. TYPE I7A 
500 ohms 3 ohms 
24/50 Vt.D.C. 2/6 Vt. D. C. 


} 15/- Post I/- 15/- Post 1/- 
oe MANY OTHER TYPES IN STOCK. 
LIST AVAILABLE. 


L. WILKINSON (CROYDON) LTD- 
19, LANSDOWNE ROAD, CROYDON 


Phone : CRO 0839 “WILCO"’ CROYDON 





Telegrams : 














‘ULTRA LOW 


capacitance « attenuation 


38 STOCK TYPES {c; 
for your 
STANDARD or SPECIAL 
APPLICATIONS ca 4 


Ce U.G. CONNECTORS-R.G. CABLES 
* TRANSRADIO LTD. 138s Cromwell Rd. London SWZ. reeaser 

















KNOW HOW— 


The letter shown above is but one of thousands 


used on nameplates—the essential needs being 
accuracy and rapid production. It is produced’ in 
one piece by pressing and stamping. More than 
that we dare not say, because then you could 
produce them as well as we can. In the meantime, 
for pressings and stampings—usual and unusual— 


consult us. 


GRAHAM PRODUCTS ITD | 


8, Key Hill Drive . - Birmingham, 18 
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LECTRODRYERS provide dry 
air to:— 

Dry CONDENSERS and 
TRANSFORMERS before fill- 
ing. Dehumidify ASSEMBLY 
and STORAGE rooms. 

Dry out CATHODE RAY 
TUBES after washing. 

Prevent insidious damp des- 
troying INSULATIONS. 

Most of these problems are 


Electrical Industry 


INDEX TO ADVERTISERS 


Gardner’s Radio Ltd. 
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General Electric Co. Ltd. 

Goodman's Industries Ltd. 
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Johnson, Matthey & Co. Ltd. 
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Kendall & eet Ltd. 
Keyswitch Co. 
Koelectric Ltd. 


(continued on next porn 


essential to the 


71 
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122 








t . . a 
,on Process Moisture Adsorbers. : nn Pees 2 spp Mullard Valves Limited dry: all the 
ROTM ices initia pon eee i _ gy nitrogen used at their Waddon Works 
 Pssiti \ further details. by passing it through Birlec Lectrodryers. 
osition 
i Nay een tetas 
GOINBENY. o..ccix.cncne: 
sia SERENA DIN ISIER OF TYBURN ROAD - BIRMINGHAM 24 
“ESSE ah at aM ORE EO BIRLEC LTD Member of the A.E.I. Group of Companies 
Product AN.... 
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FINAL WIRING of a starting control- 
box for an aircraft engine, before instal- 


lation in its pressurized metal housing. 


The minute cable-form used in this 
equipment is seen in the left foreground. 


PHONE: 


THREE OF THE SPECIAL SKILLS 
we can offer to large elec- 
tronic and telephone gear 
manufacturers were employ- 
ed in making this miniature 
starting-control box for a 
modern aircraft engine, 
namely : 

accurate, small-scale 

cable-forming, 
close-limit assembly, 
precision soldering of 
the highest standard. 

If you have staff and pro- 
duction problems, let us 
send you for leisured study 
a photographic record of the 
wide range of sub-contract 
jobs we have handled for 
some of the most important 
firms in the country. 


BROXLEA 
PRODUCTS 


LIMITED 


A.I.D.-approved sub-contractors 
HIGH ROAD, BROXBOURNE, HERTFORDSHIRE 


HODDESDON 3091/2 
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Ri E insulated 


Fuse Resistors 


Resistance Range: 


Tolerance: 


Continuous Rating: 


Fusing Times: 


10 ohms to,100 ohms 
+5%, +10%, +20% 


% watt at 40°C or % watt 
at 70°C ambient 


Less than 15 seconds 
when spontaneously 
loaded to 3 watts after 
operating for a few min- 
utes at continuous rating 
Less than 30 seconds 
when spontaneously 
loaded to 3 watts from a 
cold condition 

Less than 60 seconds 
when spontaneously 
loaded to 2 watts after 
operating for a few min- 
utes at continuous -- 


IIlustration actual size 


The Erie fuse resistor has been evolved to 
meet the needs of the electronics industry for 
really adequate safeguard against extensive 
and costly damage, and possible fires, caused 
by insulation and component failures in high 
tension supply circuits in modern radio and 
television receivers, and similar apparatus. 

Unlike traditional fusing devices, which are 
unprotected and therefore susceptible to acci- 
dental short circuits, and are liable to blow 
when subjected to momentary surges, the Erie 
fuse resistor is fully insulated, sealed, and 
therefore ,completely free from short circuit 
and, above all, can be set to blow within a 
suitable time, by the simple expedient of 
choosing the right resistance value in relation 
to continuous and overload wattage conditions, 


ERIE 2:22: 4 


Carlisle Road, The Hyde, London, N.W.9., England. Telephone: 
London and Great Yarmouth, England; Trenton, Ont., 
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COLindale 8011. Factories: 
Canada; Erie, Pa., and Holly Springs, 


Miss., U.S.A 
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vibration 
resistant 


CONNECT with CANNON 
designed to solve aircraft vibration problems 
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